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(54) DIGITAL SUBSCRIBER S LINE TRANSMITTING METHOD AND DEVICE 



(57) In a digital subscriber line transmission method 
for alternately transmitting and receiving a DMT symbol 
sequence between xDSL devices by TDD-xDSL trans- 
mission, a training-symbol transmitting side adds some 
data contained in a DMT symbol sequence onto the 
beginning or end or onto both the beginning and end of 
the symbol sequence redundantly and transmits the 



sequence at the time of training carried out prior to nor- 
mal communication. A receiving side of the training 
symbol sequence performs training upon removing 
redundant data that has been added onto the beginning 
and end of the symbol sequence. 
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Description 

Technical Field 

[0001] This invention relates to a digital subscriber line transmission method, and apparatus in which , an , existing 
' telephone line (referred to as a -metallic line" below) is utilized as a high-speed data communication line P "te- 
Sany the invention relates to a digital subscriber line transmission method, and apparatus, wh,ch is based upon ISDN 
pinq-pong transmission used in a periodic crosstalk noise environment. 

mooS Muttimedia services such as the Internet have become widespread throughout soc.ety inclusive of the ordi- 
nary home and there is increasing demand for early provision of economical, highly reliable digital subscnber line trans- 
mission systems and apparatus for utilizing these services. 



Back ground Art 
is • xDSL technology 



[00031 xDSL (Digital Subscriber Line) is known as a technique that provides a digital subscnber line ransm.ssion 
sysSm in which an existing telephone line is utilized as a high-speed data communication n n * xSDL «"2™™n 
scheme that utilizes a telephone line and is one modulation/demodulation technique. xDSL is broadly d.v^ed into sym- 
m^Ds! and asymmetric xDSL. In symmetric xDSL, the upstream transmission rate from the subscnber res.dence 
Zerrsc 'to « the -subscriber side" below) to the accommodating office (referred to as the "office side" below) and he 
downstream transmission rate from the office side to the subscriber side are symmetrical; m asymmetric xDSL, the 



uDStream and downstream transmission rates are asymmetrical. ,. . ei 

[000?] Atypical example of asymmetric xDSL is ADSL (Asymmetric DSL) and typical examples of symmetrc xDSL 
2 s are HDSL (H^rt-rate DSL) andSHDSL (Single-pair High-bK-rate DSL). VDSL (Very high-bit-rate DSL) is available 
as an xDSL technique that is capable of being utilized as both an asymmetnc and symmetr ic DSL .Anjto don 
scheme such as DMT (Discrete Multitone) or CAP (Carrierless Amplitude Phase modulat.on), etc .s being used for 
eac^DsTsystem Examples of ITU-T recommendations concerning ADSL are G.dmt and G.lrte, ,n which the down- 
Stream tLmfss^n rates are on the order of 6 Mbps and 1 .5 Mbps, respectively. Both of these adopt DMT modulation 
30 as the modulation method. 

* DMT modulation 

[0005] DMT modulation will be described taking G.dmt as an example. The description will relate only to modula- 
tion/demodulation in the downstream direction from the office side to the subscnber side. 

S S DMT modulation, as shown in Fig. 28, a frequency band of 1.104 MHz is divided into M 255)-number 
of multicarriers #1 ~ #255 at intervals of Af (= 4.3125 KHz). In training carried out before communicat.on, the S/N ratios 
of Z Telp^l Tcarne?#l T m are measured and it b decided, depending upon the S/N ratios Wrth which modu- 
lation method among 4-QAM, 16-QAM, 64-QAM, 128-QAM • • • modulation methods data .s to be transmitted n each 
earner For example, 4-QAM is assigned to a carrier having a small S/N ratio and 16-QAM, 64-QAM, 128-QAM • ; • 
are assigned successively as the S/N ratio increases. It should be noted that 4-QAM is a modulat.on scheme in ^which 
L bits are transmitted at a time. 1 6-QAM a modulation scheme in which four bits are transmuted at a time 64-QAM a 
mediation scheme in which six bits are transmitted at a time, and 128-QAM a modu.ation scheme in which seven , m 
are transmuted at a toe. Carriers #1 - #32 of the 255 carriers are used for the upstream d '^ n * rom . t .^^"^ 
side to the office side, and carriers #33 - #255 are used for the downstream direct.on from the office s.de to the sub- 

53m S ' de Rg. 29 is a functional block diagram of a subscriber line transmission system based upon DMT modulation. 
Entered transmission data is stored in an amount conforming to the time for one symbol (= 1/4000 sec) in a senal-par- 

tnierea irdii^ni^iuiiuat ^.^a - m +- ♦ror.errueeinn Kit <-nunts oer carrier 
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al.el conversion buffer (Serial-to-Paral.el Buffer) 10. The stored data is divded ^into transmission M""^""" 
decided and saved in a transmit bitmap 60 by training in advance. The div.ded data ,s then input to an encode >r 20- The 
encoder 20 converts each carrier corresponding to an input bit sequence to s.gnal-point data (signal-point data on a 
constellation diagram) for performing quadrature amplitude modulation (QAM) and inputs the converted date to an 
inverse Fast-Fourier Transform (IFFT) unit 30. The IFFT unrt 30 applies quadrature amplttude modu,at.on to « jach sign,, 
point by performing an IFFT operation and inputs the processed data to a parallel-to-ser,al conversion b^r(MM- 
£>-Serial Buffer) 40 Here a total 32 samples, name* IFFT output samples 480 - 51 1 , are duplicate * «Kcha^olto 
beginning of a DMT signal as a cyclic prefix (the details of which will be described ater). The P^'^^^ 6 " 3 ^^ 
sion buffer 40 inputs 512 + 32 items of sample data to a D/A converter 50 success,vely in senal fashion. The D/A con- 
verter 50 converts the input digital data to an analog signal at a sampling frequency of 2.208 MHz and sends the analog 
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signal to the subscriber side via a metallic line 70. 

[0008] On the subscriber side, an A/D converter 80 converts the input analog signal to a 2.208-MHz digital signal 
and inputs the digital signal to a time domain equalizer (TEQ) 90. The latter applies processing to the input digital data 
in such a manner that inter-symbol interference (ISI) will fall within the cyclic prefix of 32 symbols, and inputs the proc- 

5 essed data to a serial-to-parallel conversion buffer 1 00. The latter stores one DMT symbol's worth of data and subse- 
quently removes the cyclic prefix and inputs one DMT symbol's worth of data to a fast-Fourier transform (FFT) unit 110 
simultaneously in parallel fashion. The FFT unit 1 1 0 implements a fast-Fourier transform and generates (demodulates) 
255 signal points. A frequency domain equalizer (FEQ) 1 20 subjects the demodulated 255 items of signal-point data to 
inter-channel interference (ICI) compensation. A decoder 1 30 decodes the 255 items of signal-point data in accordance 

w with a receive bitmap 150, which has values identical with those of the transmit bitmap 60, and stores the data obtained 
by decoding in a parallel-to-serial conversion buffer 140. The data is subsequently read out of this buffer in the form of 
a bit serial. This data constitutes the receive data. 

•Crosstalk from ISDN ping-pong transmission 

75 

[0009] ISDN ping-pong transmission which is referred to as time compression multiplexing separates transmit and 
receive intervals in time-shared fashion (the total of one transmit interval and one receive interval is 2.5 ms) and makes 
the transmit and receive timings the same for all neighboring devices. With ISDN ping-pong transmission, 2B+D 144- 
kbps transmit data is demarcated every 2.5 ms, compressed to 320 kbps by rate conversion and transmitted in the 

20 transmit interval. As a consequence, the frequency band of ISDN ping-pong transmission overlaps the frequency band 
of ADSL (or of G.dmt), as shown in Fig. 30. Already existing telephone lines have a design optimized to a frequency 
band of about 200 Hz ~ 3.4 kHz, which is the frequency of the human voice. If ADSL and ISDN high-frequency signals 
are passed through such telephone lines, the fact that the lines are bundled together as shown in Fig. 31 allows the 
ISDN signal to leak into the ADSL telephone line and act as noise that interferes with the ADSL communication. Such 

25 noise is crosstalk noise. The ADSL transmission rate is limited by the level of this crosstalk noise. 

[0010] Fig. 32 is a diagram useful in describing interference (crosstalk) from an ISDN line to an ADSL, in which (a) 
is for describing interference on an ADSL unit on the office side (ATU-C: ADSL Transceiver Unit at the Central office 
end) and (b) is for describing interference on an ADSL unit on the subscriber side (ATU-R: ADSL Transceiver Unit at the 
Central terminal end). In (a) of Fig. 32, the ADSL unit ATU-C on the office side is influenced by a large amount of noise 

30 when an OCU (Office Channel Unit) of the ISDN line is transmitting. This crosstalk noise is referred to as near-end 
crosstalk noise (NEXT). On the other hand, when a DSU (Digital Service Unit) is transmitting, this signal acts as noise 
by leaking into the ATU-C. This crosstalk noise is referred to as far-end crosstalk noise (FEXT). FEXT is remote with 
regard to the ATU-C, i.e., is noise from the remote end. In comparison with NEXT, FEXT has a fairly low level. 
[0011] In (b) of Fig. 32, the ADSL unit ATU-R on the subscriber side is influenced by a large amount of noise when 

35 a DSU of the ISDN line is transmitting. This crosstalk noise is referred to as near-end crosstalk noise (NEXT). On the 
other hand, when an OCU is transmitting, this signal acts as far-end crosstalk noise (FEXT) by leaking into the ATU-R. 
In comparison with NEXT, FEXT has a fairly low level. Thus, in ADSL communication, it is necessary to reduce the 
effects of NEXT. 

[0012] As mentioned above, when an ISDN ping-pong transmission line is close to an ADSL, the ADSL is influ- 
40 enced by TCM crosstalk (Time compression multiplexing crosstalk) from the ISDN ping-pong transmission line in a 
manner set forth below. In accordance with ISDN ping-pong transmission, the office side transmits the downstream 
data in the first-half cycles of 400 Hz in sync with an ISDN 400-Hz signal TTR shown in Fig. 33, and the subscriber side 
transmits the upstream data after it receives the downstream data. The ADSL unit ATU-C on the office side, therefore, 
is influenced by near-end crosstalk (NEXT^ from the ISDN in the first-half cycles of 400 Hz and is influenced by far-end 
as crosstalk (FEXT-,) from the upstream data of the ISDN on the subscriber side in the second-half cycles. 

[0013] In a manner converse with respect to the office side, the ADSL unit ATU-R on the subscriber side is influ- 
enced by FEXT 2 in the first-half cycles of 400 Hz and is influenced by NEXT 2 in the second-half cycles. The time inter- 
vals in which the effects of NEXT and FEXT are received shall be referred to as NEXT and FEXT intervals, respectively. 
Fig. 33 illustrates the NEXT and FEXT intervals on the subscriber side. 

50 

• Sliding-window method 

[0014] A "sliding-window method" has been proposed in the specification of Japanese Patent Application 10- 
144913 for the purpose of providing a digital subscriber line transmission system that is capable of transmitting an 
55 ADSL signal satisfactorily in an environment where there is the above-described crosstalk from an ISDN ping-pong 
transmission. The sliding-window method is such that in the case of the downstream direction in which an ADSL signal 
is transmitted from an ADSL unit (ATU-C) on the office side to an ADSL unit (ATU-R) on the subscriber side, the state 
of the ADSL signal transmitted by the ADSL unit (ATU-C) on the office side in an environment where there is crosstalk 
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from an ISDN ping-pong transmission is decided as set forth below. The method includes dual bttmap and FEXTbitmap 

roolT' Specffical* rf an ADSL symbol (DMT symbol) SB to be transmitted falls entire* wlttVn the FEXT interval on 
[0015] Specmcany an i«u sy k sjde transmits tnis ^ mbo \ as an ms.de 

^^SB oS r^oec ively through a method similar to that employed in the downstream d,rect,on. 
SSif ' ^rStLp method, symbols are transmuted in low density even ^J^f^T^ 

?oT^ LW i Vhl%T g 1:TaSam showing the relationship between transmtt/receive in the OCU of the ISDN andthe 
^J^^T^Sx ATU-C on the office side. Fig. 34 illustrates ADSL symbol in both the dual b,tma P and 

FEXT bitmap cases. 

• Bitmap creation 

scriber sides decide the bitmaps in accordance with a protocol referred to as B & G (bit & gain . 

2,, Ra 36 is a block dia gram of an arrangement in which S/N ratio is measured by the ADSL unit ATU-R on the 
^ S^RBOR ^ST^en ^esi^poM *. «n—«. s^po,* 

the NEXT interval and a bitmap b-FEXT for the FEXT interval. 
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• Frame structure 
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every half-cycle of the 400-Hz clock whose period is 2.5 ms. On the other hand, one symbol, which is the unit of trans- 
mission in ADSL transmission whose institutionalization as a global standard is proceeding, has a duration of about 
0.246 ms. Accordingly, since 34 cycles of the ISDN ping-pong transmission, which is the least common multiple of the 
two types of communication, and the length of time of 345 DMT symbols in ADSL transmission coincide, this interval is 

5 defined as a "hyper-frame". 

[0024] As shown in Fig. 37, it is so arranged that one frame becomes one symbol in ADSL. At the time of normal 
data communication, one superframe is constructed from 68 ADSL frames for data and one synchronization frame (S). 
There are also cases where an inverse synchronization symbol (I) is used instead of the synchronization symbol (S). 
The inverse synchronization symbol (I) is a symbol realized by rotating the phase of each carrier of the synchronization 

10 symbol (S) by 1 80°. As shown in Fig. 37, one hyperframe is constructed by collecting together five superframes (= 345 
symbols). Fig. 37 illustrates the ca.e for the downstream direction in which the ADSL unit ATU-C on the office side 
transmits an ADSL signal to the ADSL unit ATU-Ft on the subscriber side. In this case it has been decided that the 
inverse synchronization symbol (I) be situated in the fourth superframe of one hyperframe. In the case of the upstream 
direction, the inverse synchronization symbol (I) is contained in the first superframe of one hyperframe. Further, one 

15 hyperframe is synchronized to 34 cycles of the 400-Hz signal in ISDN ping-pong transmission. 

• Alternative frame structure 

[0025] In a case where an ISDN ping-pong transmission line is close to an ADSL, the ADSL is affected by both 

20 NEXT and FEXT TCM crosstalk from the ISDN ping-pong transmission line, as set forth above. For the purpose of pro- 
viding a digital subscriber line transmission system that is capable of transmitting an ADSL signal satisfactorily in an 
environment where there is the above-described crosstalk from an ISDN ping-pong transmission, there is a method 
available which, unlike that which relies upon the above-mentioned hyperframe, transmits ADSL symbols upon syn- 
chronizing them to an ISDN ping-pong transmission. 

25 [0026] In accordance with ISDN ping-pong transmission, the OCU on the office side transmits the downstream data 
in the first-half cycles of 400 Hz and receives the upstream data in the second-half cycles of 400 Hz in sync with the 
ISDN 400-Hz signal TTR, as illustrated in Fig. 38. In ADSL transmission also, the ADSL unit on the office side transmits 
ADSL symbols for the downstream FEXT interval in the first-half cycles of 400 Hz and transmits ADSL symbols for the 
downstream NEXT interval in the second-half cycles of 400 Hz in sync with the ISDN 400-Hz signal TTR. This is true 

30 also with regard to the ADSL unit on the subscriber side. That is, two bitmaps are prepared, namely a bitmap (DMT 
symbol A) for the NEXT reception interval and a bitmap (DMT symbol B) for the FEXT reception interval. Then, as 
shown in Fig. 38, the number of transmitted bits is reduced to improve S/N tolerance by transmitting the DMT symbols 
A in the NEXT interval and the number of transmitted bits is increased to enlarge transmission capacity by transmitting 
the DMT symbols B in the FEXT interval. By setting the cyclic prefix length to an appropriate length at this time, the 

35 number of ADSL symbols for the FEXT interval and the number of ADSL symbols for the NEXT interval are made to 
coincide. For example, a cyclic prefix of 40 samples which results in 250 \xs per DMT symbol is adopted as opposed to 
an original cyclic prefix of 32 samples which results in 246 u.s per DMT symbol, whereby one period of TCM crosstalk 
and the length of time of ten DMT signals are made to agree. 

40 * Introduction of TDD-xDSL 

[0027] A TDD-xDSL (time-division duplex-xDSL) scheme is being considered as an xDSL scheme that does not 
use the above-described sliding window and hyperframes. The TDD-xDSL scheme is one which transmits symbols in 
sync with the above-mentioned ISDN ping-pong transmission but, unlike the method described above, it does not trans- 

45 m'rt TDD-xDSL symbols in the NEXT intervals. 

[0028] When a TDD-xDSL symbol sequence 460 is transmitted in sync with an ISDN ping-pong transmission on 
the office side, a TDD-xDSL symbol sequence 480 received on the subscriber side is affected only by FEXT 440 from 
the ISDN, as shown in Fig. 39. When a TDD-xDSL symbol sequence 490 is transmitted in sync with an ISDN ping-pong 
transmission on the subscriber side, a TDD-xDSL symbol sequence 470 received on the office side is affected only by 

so FEXT 430 from the ISDN. Accordingly, it is possible for a TDD-xDSL symbol sequence to avoid being affected by NEXT 
from an ISDN ping-pong transmission. In accordance with this transmission system, the two types of bitmaps that were 
required with the dual bitmap method are no longer necessary; here only one is sufficient, just as in the FEXT bitmap 
method. 

55 • IS I removal method 

[0029] The time domain equalizer (TEQ) shown in Fig. 29 operates using the cyclic prefix in the manner described 
below. 
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. ™,-r u . Ki^h -nt^ the D arallel-to-serial conversion buffer 40 in Rg. 29 represents a signal state 
[0030] A DMT symbol which enters the parall er o pa rallel-to-serial conversion buffer 40 executes 

that has no waveform distortion, as illustrated in W " ^ ^ol are added onto the beginning of the DMT sym- 
processingthroughwh^^ 

rsTecX" 

transmitting side, as shown in (c) of Fig. 40 _ characteristics of which are 

ssr 

• Influence of ISI on xDSL symbol 

T u • « f on the xDSL symbol will be described with reference to Fig. 41 . Fig.41 (a) Illustrates an 

[0033] The influence of IS. on the o<DS L^ymbo £ transmitted at the time of training. It is assumed 

ADSL transmit symbol sequence in a case where a cominuo u illustrated ■,„ (a) of Fig. 41 and the ADSL 

here that there is no continuity ^-UKte- ADS J^,^,S^^ ( ein«indln B to the ADSL 

transmit signal that precedes « 41 J^T^^ and Rg y 41 (c) iHustrates an ADSL receive symbol 
transmit symbol sequence of Rg. 41 (a) Deiore icvj . Pin 41 tg\ after TEQ training, 

sequence corresponding to the ADSL transmrt symbol prefix which prevails 

[0034] Further, Fig. 41 (d) ^^^^^^^^^^1^ L ADSL recede symbol 
at the time of normal data communication has been added, ana r.g. h k i 
sequence corresponding to the ADSL transmit symbol sequence Fig. 41 .(d) 

(1) Influence after TEQ training 

c -u k -n=n art* to remove the effects of ISI from a receive signal by using the cyclic prefix. 

[0035] As set forth above, the TEQ acts to remove ™ e *" e '~ . f , data communication, as 

U Prefix is not added onto any ADSL « 

SST "-eve, in a case where a b urst ^JS^Z 
method (FEXT bitmap method) or in the '^^^^^Z of training in which a continuous signal is 
transmission, continuity of the transmit signal is lost. As a *™ e sequence is influenced by wave- 

transmitted, the ADSL receive symbo. at the begmn.ng ^^^^ ^ out uslng this ADSL receive 
form distortion corresponding to ISI, as shown in Fig. 41 (c), ana irain.ng c 
symbol at this beginning of the sequence. 

(2) Influence before TEQ training 

[0038] ^(^-atesanADSL^ 

o, Fig. 41 (a) before TEQ ^"^£T!^l'^ « ^ corresponding to IS. on 

> effects of ISI for the reason set forth above In Fig. 4 JJM' "J R 41 (b) on the other hand , this to an 
the leading ADSL receive symbol falls wrthm 32 symbols ™^^^^ er ^. tne influence of ISI on the 
ADSL receive symbol sequence before TEQ training u ^^^ t ^S^ t E q T^ing is performed, the influ- 
ADSL receive symbo. does not fall within 32 wrtl?« shown in Fig. 41 (b). 

. ss:.zs: rnssss -™ ad SL ^ ^ _ - * 

affected by ISI, though this is not illustrated in Ftg. 41 
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• Subject 

[0039] Thus, at the time of training in which a continuous signal based upon the same pattern is transmitted, a 
cyclic prefix is not added onto each transmit symbol. As a consequence, in TDD-xDSL transmission in which a burst 

5 symbol sequence is transmitted as a training signal, the receiving side cannot respond immediately at the rising edge 
of the burst symbol sequence and waveform distortion occurs at the beginning of the burst symbol sequence. Accord- 
ingly, training is carried out only by the remaining TDD-xDSL receive symbols that have not been influenced by wave- 
form distortion. However, in an instance where four DMT symbols are transmitted in one burst of training, the DMT 
symbols capable of being used in training are three in number. A problem that arises, therefore, is prolonged training 

10 time. • 

[0040] Further, if the transmit training symbol sequence falls within the receive interval (NEXT interval) of an ISDN 
ping-pong transmission in TDD-xDSL transmission, the transmission is influenced by NEXT from the ISDN line and the 
TDD-xDSL transmission cannot be performed with a favorable S/N ratio. 

[0041] Further, in TDD-xDSL transmission, there is no established technique for setting the frequency of a pilot- 
15 tone signal used as a timing regeneration signal so as to assure continuity of sample data in contiguous transmit burst 

signal sequences. A problem that arises is that processing cannot be executed at an accurate timing. 

[0042] Further, with TDD xDSL. there is a phase difference between the phase of a training symbol onto which a 

cyclic prefix for transceiver training has not been added and the phase of a symbol obtained by removing a cyclic prefix 

from a symbol onto which this cyclic prefix was added at the time of normal data communication. As a consequence, a 
20 problem which arises is that the phase of a timing regeneration signal (pilot-tone signal) shifts when a sequence makes 

a transition from a training symbol onto which a cyclic prefix has not be added to a symbol onto which a cyclic prefix 

has been added (a training — > normal communication transition). 

[0043] Furthermore, though it is necessary for the office side to synchronize a TDD-xDSL transmission to an ISDN 
ping-pong transmission, the same is true on the subscriber side as well. Though the office side can obtain a 400-Hz 

25 synchronization signal to which the ISDN ping-pong transmission is synchronized, the subscriber side cannot obtain 
this 400-Hz synchronization signal. Accordingly, it is important for the subscriber side to have the office side report the 
transmission phase of the TDD-xDSL accurately so that this information can be obtained. This makes it necessary to 
provide means for reporting the transmission phase from the office side to the subscriber side efficiently. 
[0044] The present invention has been devised based upon new findings and considerations regarding the above- 

30 described points and its object is to provide a concrete method concerning the adoption of an effective transmission 
technique for TDD-xDSL in an environment where noise is received from ISDN ping-pong transmission or other TDD- 
xDSL transmissions, or a digital subscriber line transmission apparatus having means for implementing this method. 
[0045] Another object of the present invention is to shorten training time. 

[0046] Another object of the present invention is to so arrange it that a transmit training symbol sequence after the 
35 addition thereto of redundancy data will not fall within the receive interval (NEXT interval) of an ISDN ping-pong trans- 
mission or TDD-xDSL transmission, thereby eliminating the effects of NEXT from an ISDN line so that a TDD-xDSL 
transmission can be performed with an excellent S/N ratio. 

[0047] A further object of the present invention is to assure continuity of sample data in contiguous transmit burst 
symbol sequences. 

40 [0048] A further object of the present invention is to so arrange it that when there is sequence transition from train- 
ing to normal data communication, phase shift of a timing regeneration signal (pilot-tone signal) will not occur. 
[0049] A further object of the present invention is to report timing information, e.g., the phase of an ISDN 400-Hz 
signal from the office side to the subscriber side accurately and efficiently. 

45 Disclosure of the Invention 

[0050] In a TDD-xDSL transmission method according to the present invention, a DMT symbol sequence is trans- 
mitted upon adding some data that is contained within the DMT symbol sequence onto the beginning or end or onto 
both the beginning and end of the sequence redundantly at the time of training, which is carried out before normal com- 
so munication, and the redundancy data is then removed on the receiving side. If this expedient is adopted, distortion 
develops in the redundancy portions but not in the portions of the training symbols. Training can be carried out using ail 
training symbols and training time can be shortened. 

[0051] Further, the length of the transmit training symbol sequence after the redundancy data is added on is made 
such that the training symbol sequence will fall within the transmit interval of an ISDN ping-pong transmission. For 
55 example, the system is set up in such a manner that the training symbol sequence will not fall within the receive interval 
(NEXT interval) of an ISDN ping-pong transmission. If this arrangement is adopted, communication with an excellent 
S/N ratio can be performed by eliminating the effects of NEXT from ISDN ping-pong transmission. 
[0052] Further, in a TDD-xDSL transmission, the frequency of a pilot-tone signal serving as a timing regeneration 
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20 



signal is set so as to assure continuity of sample data in contiguous transmit burst symbol sequences. If this arrange- 
ment is adopted, the phase of a pilot-tone singal will not shift between contiguous transmit burst symbol sequences and 
processing can be executed at an accurate timing. 

T00531 In TDD-xDSL transmission according to the present invention, the phase difference between the phase of a 
s training symbol onto which a cyclic prefix has not been added and the phase of a DMT symbol obtained by removing 
the cyclic prefix atthe time of normal data communication is made a whole-number multiple of the cycle of the pilot-tone 
signal used as a timing regeneration signal. As a result, when there is a sequence transition from training to normal data 
communication, the timing regeneration signal (pilot-tone signal) does not develop a phase shift. This makes accurate 

processing possible. . . 

70 f0054] In TDD-xDSL transmission according to the present invention, when the subscriber side is notified I of trans- 
mit timing (the phase of an ISDN 400-H > signal) of a TDD-xDSL burst signal on the office side, a tone-signal the phase 
whereof varies one or more times withi, one transmission burst is transmitted separately of the pilot-tone signal I and 
this change in the phase of the tone-singal is detected on the receiving side to identify the transmit timing of the TDD- 
xDSL burst signal. If this expedient is adopted, a correct TDD-xDSL transmission can be performed by detecting the 
transmit timing (the phase of an ISDN 400-Hz signal) at the time of training of a TDD-xDSL transmission. In this case 
the phase of the tone-signal can be changed 90° or 1 80°. If this arrangement is adopted, the transmit timing (the phase 
of an ISDN 400-Hz signal) can be recognized reliably even if the transmit timing is unknown initially. 

• Brief Description of the Drawings 

[0055] 

Fia 1 is a diagram useful in describing a transmit symbol sequence at the time of TDD-xDSL training; 

Fig. 2 is a diagram illustrating the structure of a transmit frame based upon the TDD-xDSL method (at the t,me of 

25 ^3 tea diagram illustrating the structure of a transmit frame based upon the TDD-xDSL method (at the time of 

normal communication); „ .. 

F.q 4 is a diagram useful in describing frame phase relationship between bursts (in the downstream case). 

Rq 5 is another diagram useful in describing frame phase relationship between bursts (in the downstream case); 

30 Fig\ 6 is a diagram showing the phase relationship between burst frames at the time of training and at the time of 

normal communication; ^ _ , en .. u , 

Fig. 7 is diagram useful in describing a method of reporting transmit phase (the phase of an ISDN 400-Hz signal) 

of a TDD-xDSL at the time of training; 

Rq 8 is diagram useful in describing phase-change conveyance patterns; 

Rg\ 9 is a block diagram illustrating a subscriber transmission system based upon DMT modulation in accordance 

with the present invention; 

Fig. 1 0 is a block diagram of an arrangement for reconstructing a symbol sequence in accordance with the present 

invention; . . 

Fig 1 1 is a time chart indicating an output sequence operation (at the time of training); 
Fig. 1 2 is a time chart indicating an output sequence operation (at the time of normal communication); 
Fig. 13 is a block diagram of a sequencer on the transmitting side; 
Fig. 1 4 is a block diagram of various components on the receiving side; 
Fig 1 5 is a time chart indicating a receive sequence operation (at the time of training); 
Fig 1 6 is a time chart indicating a receive sequence operation (at the time of normal communication); 
Fig. 1 7 is a diagram showing the phase relationship between burst frames at the time of training and at the time of 
normal communication according to a first embodiment of the present invention; 

Fig. 18 is a diagram illustrating the structure of a burst frame (at the time of normal communication) according to 

the first embodiment; .,.*.».«■* _i i. 

Fig. 1 9 is a diagram illustrating the structure of a burst frame (at the time of training) according to the first embodi- 

F.g nt 20 is a diagram useful in describing a first worst condition (at the time of training) according to the first embod- 

Rg. n 21 is a diagram useful in describing a second worst condition (at the time of training) according to the first 

Fi^ b 22 te anagram useful in describing a third worst condition (at the time of training) according to the first embod- 
iment; 

Rg 23 is diagram useful in describing two worst conditions; 

Rg. 24 is a diagram useful in describing the phase difference between a transmit symbol sequence for training and 
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a transmit symbol sequence at the time of normal communication; 

Fig. 25 is a diagram useful in describing the phase relationship between burst frames at the time of training and at 
the time of normal communication according to a second embodiment of the present invention; 
Fig. 26 is a diagram illustrating the structure of a burst frame (at the time of normal communication) according to 
the second embodiment; 

Fig. 27 is a diagram illustrating the structure of a burst frame (at the time of training) according to the second 
embodiment; 

Fig. 28 is a diagram useful in describing a DMT transmission spectrum; 

Fig. 29 is a functional diagram of a subscriber transmission system which relies upon DMT modulation; 
Fig. 30 is a diagram useful in describing the band of ISDN ping-pong transmission and the band of ADSL transmis- 
sion;. 

Fig. 31 is a diagram useful in describing crosstalk noise; 

Fig. 32 is diagram useful in describing interference (crosstalk) from an ISDN line on an ADSL; 

Fig. 33 is a diagram useful in describing a sliding window; 

Fig. 34 is a diagram useful in describing a dual bitmap and a FEXT bitmap; 

Fig. 35 is a diagram useful in describing the creation of a bitmap based upon a B & G protocol; 

Fig. 36 is a block diagram useful in describing measurement of S/N ratio in every NEXT/FEXT interval; 

Fig. 37 is a diagram useful in describing a hyperframe scheme; 

Fig. 38 is a diagram useful in describing a transmission method in which ADSLs symbol are synchronized to an 
ISDN ping-pong transmission; 

Fig. 39 is a diagram useful in describing a method of transmitting TDD-xDSL symbols; Fig. 40 is diagram useful in 
describing a method of removing ISI; and 

Fig. 41 is diagram useful in describing the effects of ISI on xDSL symbols. 
* Best Mode for Carrying Out the Invention 
(A) Overview of the present invention; 

[0056] The present invention has a number of characterizing features, which are set forth below, when applied in 
TDD-xDSL transmission in an environment in which the TDD-xDSL transmission is influenced by periodic noise from 
an ISDN ping-pong transmission line. 

(a) First characterizing feature 

[0057] A first characterizing feature is the transmission of a training symbol sequence 500 of the kind shown in Rg. 
1 in the training of an ADSL unit (transceiver) of a TDD-xDSL. A conventional transmit symbol sequence 502 is con- 
structed by connecting training symbols 501 each of which is devoid of a cyclic prefix. In the training of a TDD-xDSL 
transceiver, (1) a pattern 503, which is identical with the end portion of the leading training symbol 501 , is added onto 
the beginning of the conventional transmit symbol sequence 502 as a redundancy signal and is composed of a prede- 
termined number of samples, thereby making it possible to form a pattern of continuous training symbols that includes 
the portion added on. The length of the portion added on is a predetermined sample count n1 that is larger than a cyclic 
prefix. (2) Or, in another option, a pattern 504 identical with the leading-end portion of the final training symbol 501 is 
added onto the end of the transmit symbol sequence 502 as a redundancy signal and is composed of a sample count 
n2 determined separately of the sample count n1 attached to the beginning in option (1) above. (3) Or, in yet another 
option, the redundancy signals 503, 504 are added on to both the beginning and end, respectively, of the transmit sym- 
bol sequence 502. 

[0058] With the DMT method, symbols are so arranged that an integral number of periods of each carrier will fall 
within one symbol. When symbols having the same pattern are connected, therefore, a continuous signal can be sent. 
Accordingly, by adding the pattern 503, which is identical with the end portion of the training symbol, onto the beginning 
of the transmit symbol sequence, or by adding the pattern 504, which is identical with the leading-end portion of the 
training symbol onto the end of the sent symbol sequence, or by doing both, the length of the connected signal can be 
increased. 

[0059] If a redundancy signal is thus added onto the beginning or end of a transmit symbol sequence, the redun- 
dancy signal portions are affected by distortion caused by ISI but the transmit symbol sequence develops no distortion. 
All of these symbols, therefore, can be used as training symbols. This makes it possible to shorten training time. It 
should be noted that transmission time is not prolonged even though the redundancy signals are added on. The reason 
is that the redundancy signals can be transmitted utilizing those periods in the transmit intervals of the TDD-xDSL in 
which signals are not transmitted. 
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(b) Second characterizing feature 

[0060] A second characterizing feature is that the transmit timing and length of the training s -nbol sequence , are 
Let in such a manner that the training symbo, sequence after the redundancy - ^ ^ f £ ™ 

according to the first characterizing feature will not fall within the receive interval (NEXT) of an ISDN p.ng-pong trans 

mSlT' More specifically, the transmft timing of a TDD-xDSL transmission and the length of 
bol sequence are set in such a manner that the transmit training symbol sequence of a TDD-xDSL w.ll fall wrth.n the 
"ansm iZe ntel of an ISDN ping-pong transmission or within an interval obtained by combining the transmit 
SZZtZZZ of an ISDN ping-pong transmission and a guard-time interval between transmission and reception ,n an 

^-^^^ .o Fig. 2 to describe the requirements for fitting the 

bol sequence 500 into a transmit interval 601 of an ISDN ping-pong transmission. Let D (=3 125 us x 377 - 1 J78125 
ms) represent the length of time of an ISDN ping-pong transmission interval; a (= 1 8.75 ~ 23.4375 us) he I.- £of the 
transmit/receive guard time of the .SDN ping-pong transmission; S1 the length of the transmission time c the tram- 
ng symbol sequence 502 before TDD xDSL redundancy data is added on; x1 and yl the lengths of the transmission 
meTf the redundancy signals 503. 504 added onto the beginning and end. respectively, of the °^^^J 
fortraining; and al , |i1 the margins between the interval of the transmit tra.n.ng symbol sequence 500 and the transm t 
inte'Ll of the ISDN ping-pong transmission. A relation that is to be satisfied by the present invention ,s as follows. 

S1 -t- n1 + |i1 +x1 +y1 < D + a C) 

(where 0<a1, 0<P1) or 



25 



S1 + a1 + |J1 +x1 +y1 < D 



(2) 



30 



35 



00631 " Further let m represent the number of samples Within a DMT symbol that is devoid of a cyclic prefix; N the 
number of DMT symbols devoid of a cyclic prefix included in the training symbol sequence 500; and fd the frequency 
spacing of the DMT carriers. Accordingly, SI , x1 and yl can be expressed by the following equations: 

S1 = N x m x [1/(m x fd)] = N/fd ( 3a ) 

X 1 = nx x [1/(m x fd)] ( 3b ) 

y1 = ny x [1/(m x fd)] ( 3c ) 

where m = 2n (n is a natural number) and nx, ny are arbitrary positive integers which signify the sample counts of x1, 

4 0 raow? simlte^ieTme of normal communication, as depicted in Fig. 3, it possible to obtain relations for fitting 
a TDD-xDSL DM transmit symbol sequence 700 into the transm* interval 601 of the ISDN ping-pong transnn, S s,on ,n 
a manner similar to that at the time of training. Specifically, in a manner similar to that at the time of training let D rep- 
resent the length of time of the ISDN ping-pong transmission interva.; a the length of the ^^^'^ 
the ISDN ping pong transmission; S2 the length of the TDD-xDSL DMT transmit symbol sequence 700 oc2, K *e n«r 
gins between the interval of the TDD-xDSL DMT transmit symbol sequence 700 and the transm interval 601 of the 
?SDN ping-pong transmission; m the number of carriers of the DMT transmit symbols; N the number of symbols . con- 
tained in the symbol sequence at the time of normal communication; and fd the frequency spacing of the DMT earners. 
A relation that is to be satisfied by the present invention is as follows: 



45 



50 



55 



S2 + a2 + p2 < D + a 



(4) 



or 

S2 + ct2 + (32 < D < 4) ' 

S2 = N x (m + nc) x [1/(mxfd)] ( 5 ) 
where 0<<x1 , 0<pi hold and nc is the number of samples of a cyclic prefix at the time of normal communication. 
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[0065] In accordance with Equations (4) - (5), a cyclic prefix length fixed at 16 samples conventionally in accord- 
ance with G. 992.2 (G.lite) also can be varied over a range that satisfies Equation (4). 

[0066] tf the arrangement described above is adopted, the transmit timing of the TDD-xDSL training symbol 
sequence will fall within the transmit interval (FEXT interval) of the ISDN ping-pong transmission and leakage of NEXT 
5 noise from the ISDN line can be avoided when TDD-xDSL training symbols are received. Further, at the time of normal 
communication, the transmit timing of the TDD-xDSL transmit symbol sequence will fall within the transmit interval 
(FEXT interval) of the ISDN ping-pong transmission and leakage of NEXT noise from the ISDN line can be avoided 
when TDD-xDSL transmit symbols are received. 

io (c) Third characterizing feature 

[0067] A third characterizing feature resides in selecting the frequency of a timing regeneration signal (pilot-tone 
signal) in such a manner that the continuity of DMT symbols is maintained between transmit burst intervals in a TDD- 
xDSL. 

15 [0068] Fig. 4 is a diagram useful in describing frame phase between transmit bursts at the time of training of a TDD- 
xDSL. In DMT modulation, it is desired that each symbol be a continuous DMT sample sequence. In other words, in an 
interval Ta in Fig. 4 in which signal transmission between transmit bursts is not carried out, it is required that the length 
of this interval be a whole-number multiple of the pilot-tone cycle. Accordingly, the cycle of the pilot tone is selected in 
such a manner that (1 ) the length of the transmit symbol sequence indicated by Tb in Ftg. 4 will be a whole-number mul- 

20 tiple of the pilot-tone cycle and (2) a burst interval Tc in Fig. 4 will be a whole-number multiple of the pilot-tone cycle. If 
this arrangement is adopted, the length of the interval Ta can be made a whole-number multiple of the pilot-tone cycle 
so that the continuity of DMT samples in contiguous transmit bursts can be maintained. 

[0069] Fig. 5 is a diagram useful in describing the phase relationship of transmit symbols between bursts at the time 
of training and at the time of normal communication. Fig. 5 relates to frames in the downstream direction. As set forth 

25 above (in the description of the second characterizing feature), it is required that the transmit symbols 500, 700 at the 
time of training and at the time of normal communication fall within the transmit interval 601 of the TCM-ISDN. To 
achieve this, symbol transmission is carried out using the transmit interval 601 of the TCM-ISDN as the reference tim- 
ing, and the burst intervals Tc, Td at the time of training and at the time of normal communication are decided from the 
burst interval of the ISDN ping-pong transmission. According to the present invention, the burst intervals Tc, Td are 

30 selected to be whole-number multiples of the cycle of a pilot-tone signal PLT, which is for setting the timing a TDD-xDSL. 

(d) Fourth characterizing feature 

[0070] A fourth characterizing feature resides in adopting an arrangement in which a phase difference ed (see Fig. 
35 6) between the phase of the symbol 501 contained in the transmit symbol sequence 500 at the time of training using 
training symbols devoid of a cyclic prefix (CP) and the phase of a symbol 701 contained in the transmit symbol 
sequence 700 at the time of normal communication using DMT symbols having a cyclic prefix (CP) will be a whole- 
number multiple of a pilot-tone cycle selected earlier. 

[0071] Fig. 6 is a diagram useful in describing the phase relationship between transmit burst frames at the time of 
40 training and at the time of normal communication. Fig. 6 relates to the phase difference Gd between the starting points 
of the symbols 501 , 701 situated at the beginning of the transmit symbol sequence 500 for training and the transmit 
symbol sequence 700 for normal communication, respectively. 

[0072] The transmit symbol sequence 500 for training and the transmit symbol sequence 700 for normal communi- 
cation are transmitted independently of each other in sync with the burst cycle of the ISDN ping-pong transmission. Fur- 

45 ther, the manners in which the symbols devoid of cyclic prefixes are arrayed in the respective transmit symbol 
sequences also differ from each other. For this reason, the phases of the individual symbols 501, 701 contained in the 
transmit symbol sequences at the time of training and at the time of normal communication differ, it is so arranged that 
this phase difference 6d will be a whole-number multiple of the cycle of the pilot-tone signal PLT. 
[0073] Methods of arranging it so that the phase difference will become a whole-number multiple of the cycle of the 

so pilot-tone signal PLT include a method of adjusting the cycle of the pilot-tone signal PLT and a method of shifting the 
transmit timing of the transmit symbol sequence 700 for normal communication relative to the transmit symbol 
sequence 500 for training. 

(e) Fifth characterizing feature 

55 

[0074] A fifth characterizing feature resides in transmitting a tone signal separately of the pilot-tone signal PLT 
which is for timing regeneration, at the time of training, whereby the office side notifies the subscriber side of the phase 
of the ISDN 400-Hz signal (i.e., reports the transmission phase of the TDD-xDSL on the office side). 
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[0075] The tone signal added on in addition to the pilot-tone signal PLT always includes one or more Phalange 
points within one burst The xDSL unit on the subscriber side, therefore, finds the phase-change point and adopte _a tro 
which ta a set time before or a set time after the phase-change point as the TDD-xDSL transmrt fm.ng of the xDSL unit 
ol I the offi* f side 0 ; as the rising edge of the 400-Hz signal. By virtue of the fifth characterizing feature, t,m,ng can be 
5 regenerated more easily and in a shorter period of time than with the conventional method. u . , 

T00761 Fiqs 7 (a) and 7 (b) are diagrams useful in describing regeneration of the timing of the ISDN 400-Hz signal 
bv I tone addid on anew In a case where the transmit symbol sequence of one burst contains four train.ng symbols 
F lg 7 (a) shows an example in which phase changes one time within one burst and Fig. 7 (b) an example in which 

K^T^Hatte P™raining symbols changes from pattern A to pattern B between second and third 
Sis in Fig 7 (b the phase of training symbols changes from pattern B to pattern A between f,rst and second sym- 
from P item A to" pattern B between third and fourth symbols, .t is also permissible to adopt an arrangement 
in which there is a shift from pattern A to a new pattern C between the third and fourth symbols. 
00781 !ntne example of F,g. 7 (a), a time which is a set time period T1 priorto phase-change detect.cn , tme . the 
,5 King of the r fng edge of ttJsDN 400-Hz signal TTR. In the example of Rg. 7 (b), a time which is a set t,me penod 
T2 prior to the average time of two phase-change detection times T21 , T22 is the timing of the ns.ng edge of the ISDN 
400-Hz signal TTR. 

(f) Sixth characterizing feature 

ro0791 A sixth characterizing feature resides in selecting patterns A, B in the above-mentioned tone that is .separate 
En. pi.ot one signal PLT in such a manner that the phase deference between them will be 90 or 1 80° in . > QAM 
constellaL diagram' and effecting a change A B or B - A wtthin one burst » J*^^- 
rO08Ol Rgs 8 (a). 8 (b) are diagrams useful in describing patterns A and B and illustrate a method of selecting I the 
patterns A Bin a case where the simplest 4QAM is used as the DMT symbol Fig. 8 (a) illustrates an example of a con- 
Sation then the phase difference between the patterns A and B is 90». and Fig. 8 (b) illustrates an example of a con- 
stellation when the phase difference between the patterns A and B is 180°. 

(B) Embodiments 
(a) Overall construction 

[0081] Fig. 9 is a block diagram of a subscriber transmission system using the TDD-xDSL method according to the 
pretent invention. Components in Fig. 9 identical with those shown in Fig. 29 are designated by like ^™"-<*"» 
te? This system drffers from that of Fig. 29 in that the transmitting side is provided with a sequencer 310, selector 320 
^l!Z!££^«m c-rcurt 330 and the receiving side is provided with a signal detectmg circu-t 340, 
seauencer350 pilot-phase detecting circuit 360 and training signal processor 370. 

T The se Sneer 31 0 on the transmitting side (1 ) generates a training-state signal TRN and a commun.catK.n 
staVe signal DMN upon distinguishing between training time and norma, communication time and (2) controls the >par- 
aHel-to-Lial conversion buffer 40 and outputs the transmit symbol sequence 500 for trammg (see F,g. 1) and the trans- 
mit svmbol sequence 700 for normal communication (see Fig. 3). . ^ M /0 \ 

roo831 The training-signal generating circuit 330 (1) outputs various training signals at the tame of training and (2 
Writes P«ot-tone signal PLT in the transmtt interval of the TDD-xDSL. The pilot-tone s,gna. 

PLT^nsmmedto^e^^^^^ 

signal separately of the pilot-tone signal PLT by carrier #48 at tram.ng time to report the phase of th > ISDN I 400-H: s.g 
nal (the tLsmtt phase of the TDD-xDSL on the office side) from the office side to the subsenber side (see Figs. 7 8). 
^084] 'n the transmit interval of the TDD-xDSL, the selector 320 (1 ) selects the training s.gnal J-J^J^J; 
Lsignal generating circuit 330 and inputs this signal to the IFFT circutt 30 at train.ng time, and (2) selects the transmit 
data output from the encoder 20 to the IFFT circuit 30 at the time of normal communication 

roSsi The signal detecting circuit 340 monitors the level of the output signal from the A/D converter 80 to detert 
Ehe trains rignd has been sent from the transmuting side, and the sequencer 350 controls the ser.a.-to- P arallel 
c^nversToI bXr 1 00 to exercise control in such a manner that the one symbol of data from which the redundancy sig- 
nal ^prefix has been removed at training time / normal communication time, respectively, is input to the FFT circuit 
10 On the basi of the signal output from the #64 output terminal of the FFT circutt, the pibt-pha* ; ^chng c.rcutt 
360 detects the phase of the pilot-tone signal PLT and controls the A/D convers.on t.m.ng of the A/D converter 80 
[0086] tS ^ning signal processor 370 anahyzes the training signal to detect the ISDN 400-Hz signal and detects 
the start of normal communication based upon sequence switching data sent from the transm.tt.ng side. 
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(b) Arrangement for generating transmit symbol sequence at training time and normal communication time 

[0087] Fig. 1 0 is a block diagram of an arrangement for generating a symbol sequence at training time and normal 
communication time. Components in Fig. 1 0 identical with those shown in Fig. 9 are designated by like reference char- 
5 acters. Fig. 1 1 is a time chart for describing an output sequence operation at training time. This is for a case where a 
redundancy signal 503 having a length of 1 28 samples is added onto the beginning of the sequence and a redundancy 
signal 504 having a length of 8 samples is added onto the end of the sequence. Fig. 1 2 is a time chart for describing an 
output sequence operation at the time of normal communication. This is for a case where the cyclic prefix has a length 
of 1 6 samples. 

10 

(b-1) Creation of training symbol sequence 

.r. 

[0088] The sequencer 31 0 generates various control signals in such a manner that the transmit symbol sequence 
500 for training will fall within the transmit interval of the ISDN ping-pong transmission. More specifically, at start-up, the 

75 sequencer 31 0 controls switching between training time and normal transmission time by timer control, inputs a training 
/ normal communication switching signal DTSL to the selector 320 and inputs the training-state signal TRN to the train- 
ing-signal generating circuit 330. In response to the training / normal communication switching signal DTSL, the selec- 
tor 320 selects a training signal, which is output from the training-signal generating circuit 330, and inputs this signal to 
the IFFT circuit 30 at the time of training, and selects the transmit data output from the encoder 20 and inputs this data 

20 to the IFFT circuit 30 at the time of normal communication. The training-signal generating circuit 330 generates a pre- 
determined training signal at training time. 

[0089] At training time, the sequencer 31 0 generates (1 ) a P/S load timing signal PSLD, (2) a P/S output mask sig- 
nal PSMK and (3) a P/S output select signal PSSL (= "1 1 ") upon elapse of a predetermined time t1 from the rising edge 
of the ISDN 400-Hz signal TTR, as shown in Fig. 11. 

25 [0090] The P/S load timing signal PSLD is a signal which loads the result of the IFFT operation (256 items of signal- 
point data) into a buffering unit 40a in the parallel-to-serial conversion buffer 40. The P/S output mask signal PSMK 
allows a data output from the buffering unit 40a when at the high level and inhibits a data output from the buffering unit 
40a when at the low level. The P/S output select signal PSSL designates successive read-out of signals starting from 
the 0 ,h signal, the 1 28 th signal or the 240 th signal among the 256 signals that have been stored in the buffering unit 40a. 

30 More specifically, the P/S output select signal PSSL takes on the values "1 0", w 1 1 M 01 " and the selector 40b reads out 
signals in numerical order starting from (1) the 0 th signal of buffering unit 40a if the signal PSSL is "10", (2) the ^2& x 
signal of buffering unit 40a if the signal PSSL is "1 1 " and (3) the 240 th signal of buffering unit 40a if the signal PSSL is 

"or. 

[0091] If the P/S load timing signal PSLD is generated, 256 signals output from the IFFT circuit 30 are stored in the 

35 buffering unit 40a of the parallel-to-serial conversion buffer 40. Next, in response to the P/S output select signal PSSL 
of logic "11", the selector 40b reads signals out of the buffering unit 40a in numerical order starting from the 1 28 th signal 
in sync with a P/S operating clock PSCL and outputs these signals via a mask circuit 40c. As a result, 1 28 signals from 
the 128 th to the 255 th are read out as the redundancy signal 503 and then 256 training signals (1 st symbol data) from 
the 0 th to the 255 th are read out. 

40 [0092] If read-out of the initial training symbol is completed, the sequencer 31 0 generates the P/S load timing signal 
PSLD again and generates the P/S output select signal PSSL of logic n 10". As a result, the next 256 signals output from 
the IFFT circuit 30 are stored in the buffering unit 40a of the paraliel-to-serial conversion buffer 40. Next, in response to 
the P/S output select signal PSSL of logic u 1 0", the selector 40b reads signals out of the buffering unit 40a in numerical 
order starting from the 0 th signal in sync with a P/S operating clock PSCL and outputs these signals via a mask circuit 

45 40c. As a result, 256 training signals (2 nd symbol data) from the 0 th to the 255 th are read out. 

[0093] If read-out of the 2 nd training symbol is completed, the sequencer 310 generates the P/S load timing signal 
PSLD and the next 256 signals output from the I FFT circuit 30 are stored in the buffering unit 40a of the parallel -to-serial 
conversion buffer 40. The selector 40b reads signals out of the buffering unit 40a in numerical order starting from the 
0 th signal in sync with the P/S operating clock PSCL and outputs these signals. As a result, 256 training signals (3 rd 

so symbol data) from the 0 th to the 255 th are read out. 

[0094] If read-out of the 3 rd training symbol is completed, the sequencer 310 generates the P/S load timing signal 
PSLD and the next 256 signals output from the I FFT circuit 30 are stored in the buffering unit 40a of the parallet-to-serial 
conversion buffer 40. The selector 40b reads signals out of the buffering unit 40a in numerical order starting from the 
0 th signal in sync with the P/S operating clock PSCL and outputs these signals. As a result, 256 training signals (the 

55 final symbol data) from the 0 th to the 255 th are read out. Thereafter, eight signals from the 0 th to the 7 th are read out and 
output as the redundancy signal 504. 

[0095] If output of the redundancy signal 504 is completed, the sequencer 310 places the P/S output mask signal 
PSMK at the low level and places the P/S output select signal at logic "00" to establish the non-selected state. 



13 



BNSDOCIO: <EP 1098463A1 _l_> 



EP 1 098 463 A1 



[0096] Thereafter, at training time, the above-described operation is repeated whenever the ISDN 400-Hz signal 
TTR rises to create and transmit the transmit symbol sequence for training. 

(b-2) Creation of transmit symbol sequence at time of normal communication 

rO0971 The sequencer 310 generates various control signals in such a manner that the transmit symbol sequence 
700 for normatcommunlcation will be transmitted within the transmit interval of the ISDN ping-pong transition. More 
700 for ™™'^™ n ™° 310 ex ercises control to switch from the training state to the normal commumca- 

tion^ai at ^ZreZZZT'eZ time foHowing start-up. As a resuK, the selector 320 selects and inputs 
^iJSSS?!^ ti encoder 20 to the IFFT circuit 30 selects the pilot-tone signal PLT from the train.ng-signa, 
generating circuit 330 and inputs this signal to the #64 terminal of the IFFT circuit 30 

rO0981 Further at the time of normal communication, the sequencer 310 generates (1) the P/S load timing s.gnal 
Ps!d (2) fS^'oSS 'mask signal PSMK and (3) the P/S output select signal PSSL (= "01") upon elapse of a pre- 
determined time t2 from the rising edge of the ISDN 400-Hz signal TTR. ippxrirruit^O restored in the 
10099] If the P/S load timing signal PSLD is generated, 256 signals output from the IFFT circuit 30 are stored in the 
buffering u it 40a of the parJ.4oV.rta. conversion buffer 40. Next, in response to the ^ 
of loaic "01 " the selector 40b reads signals out of the buffering unit 40a in numencal order starting from the 240 signal 
° y wlfp/S opting Cock PSCL and outputs these signals via a mask circuit 40c. As ■ ™M 6 -0^ - 
the 240 h to the 255* are read out as the cyclic prefix and then 256 transmrt signals (1 st symbol data) from the 0 to the 

fo'oo]" 6 F TrLSoul of the initial transmit symbol is completed, the sequencer 310 generates the P/S load timing sig- 
na PSLD again. As a result, the next 256 signal output from the IFFT circuit 30 are stored ,n the suffering un 40a of 
the oarallel-to-serial conversion buffer 40. Next, in response to the P/S output select signal PSSL of logic 01 , the 
^JSoT^ rJSTl 6 signals from the 240* to the 255* out of the buffering unit 40a as the cyclic : pref.x ,n sync with 
fhVp S ooeratina clock PSCL and then reads out 256 transmit signals (2 nd symbol data) from the 0* to the 255 and 
cutouts r s TSnals If 3^ and 4* symbol data with attached cyclic prefixes are subsequently read out and output ,n 
^S^S!^^ 31 0 places the P/S output mask signal PSMK at the low level and places the P/S output 
•spinet sianal PSSL at loqic "00° to establish the non-selected state. 

f Ml ™^r a? normal communication time, the above-described operation is repeated by the sequencer 
Ihenever tJelsDN IoShz signal TTR rises to create and transm* the transmit symbol sequence for normal commu- 
nication. 

(b-3) Construction of the sequencer 

roi021 Fig 13 is a block diagram of a sequencer in the ADSL unit on the office side. A sequence switching unit 31 1 
aeneLsthetraining-s^ signalTRN and a norma.-communication-state signal CMN by timer contro at start-up, and 
fs"S iJerTo 3?2 or generating the ISDN 400-Hz signal outputs the 400-Hz signal TTR of the .SDN ping-pong 
Jsm srS a P/l operating clock generator 313 generates the P/S operating clock PSCL in sync = wrth the 
S^^OOHz signal TTR, and a pilot-tone signal generator 31 4 applies 1/4 frequency division to the P/S operating .dock 
PSCL and outputs the pilot-tone signa. PLT for timing regeneration. Though this illustrates an example in wh.ch the 
ISDN 400-Hz signal TTR is output from the signal generator 312, this signal may be input externally. 
01O3] ™e Lson for outputting the pilot-tone signal PLT by 1/4 frequency division of the 

s as follows: .f carrier frequency spacing is 4 kHz, the number of samples wrthin one DMT ^symbol ,s ^256 and #64 is 
used as the pilot-tone transmission carrier, the FFT sampling frequency on the receiving side wrtl be 1 1024 ^ kH (- 4 
256 kHz) based upon the carrier frequency spacing and number of carriers. Further, the requency <**™**»^ 
be 4 kHz x 64 = 256 kHz. In other words, the data per cycle of the pilottone ,s four sample's ^worth .On the other^and 
the P/S operating clock PSCL is transmitted serially from the parallel-to-ser.al conversion buffer 40 at 1 024 kHz This ,s 
equate the FT^ sampling frequency. Accordingly, the pi.ot-tone signal PLT can be generated by subjecting the P/S 

symbol output timing signal TSOT in sync with the pi.ot-tone signal PLT upon elapse of the predetermined time t1 from 

mg generates a transmit symbol output timing signal DSOT in sync with the pilot-tone signal PLT upon elapse of the 
predetermined time t2 from the rising edge of the ISDN 400-Hz signal TTR. anritransmit svm bol 

[0106] On the basis of the training-state signal TRN, normal-commumcation-sta e signal CMN I an >^ 
outpu timing signals TSOT, DSOT, a signal generator 31 7 generates various control signals (the P/S load t,m ng s gna 
PSLD P/S output select signal PSSL, P/S output mask signal PSMK. training / normal communication switching signal 
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DTSL, etc.) in sync with the P/S operating clock PSCL and outputs these signals. 

[0107] By virtue of the fact that the timing generators 31 5, 31 6 generate the transmit symbol output timing signals 
TSOT, DSOT in sync with the pilot-tone signal PLT, the phase difference Gd (see Fig. 6) between the individual symbols 
501 , 701 contained in the transmit symbol sequence can be adjusted to a whole-number multiple of the cycle of the pilot 

5 tone at training time and at normal communication time. 

[0108] Further, by virtue of the fact that the timing generators 315, 316 generate the transmit symbol output timing 
signals TSOT, DSOT in sync with the pilot-tone signal PLT, (1 ) the length of the transmit symbol sequence can be made 
a whole-number multiple of the cycle of the pilot tone and (2) the transmit burst interval can be made a whole-number 
multiple of the cycle of the pilot tone at training time and normal communication time, respectively As a result, in TDD- 

w xDSL transmission, an interval in which no signal is transmitted can be made a whole-number multiple of the pilot-tone 
cycle in the interval between temporally contiguous transmit bursts, and the continuity of DMT samples in contiguous 
transmit bursts can be maintained. Since the number of samples in the transmit symbol sequence at training time is 
11 60 (= 128 + 256 x 4 + 8), this is 290 times the pilot-tone cycle, and since the number of samples in the transmit sym- 
bol sequence at normal communication time is 1088 [= (16 + 256) x 4], this is 272 times the pilot-tone cycle. Equation 

is (1), therefore, is satisfied. 

(c) Components on receiving side 

[0109] Fig. 14 is a block diagram of the principal components on the receiving side. Components in Fig. 14 identical 
20 with those shown in Fig. 9 are designated by like reference characters. The signal detecting circuit 340 monitors the 
level of the output signal from the A/D converter 80, which subjects the input signal to an analog-to-digital conversion 
at the FFT sampling frequency, to thereby detect when the training signal has been sent from the transmitting side, and 
inputs a training-starting signal TRST to the sequencer 350. The training signal processor 370 analyzes the training sig- 
nal and detects the timing of the ISDN 400-Hz signal TTR. In addition.the framing signal processor 370, on the basis of 
25 sequence switching data sent from the transmitting side, detects the start timing of normal communication and inputs 
a normal-communication start signal CMST to the sequencer 350. The latter has an S/P operating clock generator 350a 
and a control signal generator 350b. The S/P operating clock generator 350a generates a S/P operating clock SPCL, 
the frequency of which is the same as the FFT sampling frequency in sync with the ISDN 400-Hz signal TTR. At training 
time, the control signal generator 350b generates various timing signals shown in Fig. 15 in sync with the S/P operating 
30 clock SPCL. At normal communication time following detection of the timing of the ISDN 400-Hz signal TTR and com- 
pletion of phase control of the pilot-tone signal, the control signal generator 350b generates various timing signals 
shown in Fig. 16 in sync with the S/P operating clock SPCL. 



35 



(c-1) Receive sequence operation at training time (see Fig. 15) 



[0110] If the signal detecting circuit 340 generates the training-starting signal TRST, the sequencer 350 generates 
an S/P load timing signal SPLD after the 1 28-sample redundancy signal arrives. As a result, the redundancy signal 503 
that was added onto the beginning of the transmit symbol sequence 500 can be removed, tf the S/P load timing signal 
SPLD is generated, the serial-to-parallel conversion buffer 100 (Fig. 9) successively stores the sample data output by 
40 the TEQ 90 in sync with the S/P operating clock SPCL. After one symbol (= 256 samples) is preserved, the sequencer 
350 generates an FFT load timing signal FFTLD to load the one symbol's worth of sample data from the serial-to-par- 
allel buffer 1 00 to the FFT circuit 1 1 0. The latter performs an FFT operation at a predetermined timing and outputs the 
results of the operation. 

[0111] Meanwhile, the serial-to-parallel conversion buffer 100 continues to successively store the sample dataout- 
45 put from the TEQ 90 even after the FFT load timing signal FFTLD is generated and inputs the one symbol's worth (= 
256 samples) of data to the FFT circuit 1 10 by the FFT load timing signal FFTLD generated from the sequencer 350 
after the one symbol's worth of data is preserved. 

[0112] The same receive sequence operation is thenceforth repeated. After the final symbol is input to the FFT cir- 
cuit 1 10, the sequencer 350 places the S/P load timing signal SPLD at the low level and removes the redundancy signal 
so 504 that was added onto the end of the transmit symbol sequence. 

(c-2) Receive sequence operation at normal communication time (see Fig. 16) 

[0113] If the normal-communication start signal CM ST enters from the training signal processor 370, the sequencer 
55 350 immediately generates the S/P load timing signal SPLD. If the S/P load timing signal SPLD is generated, the serial- 
to-parallel buffer 100 (Fig. 9) successively stores the sample data output by the TEQ 90 in sync with the S/P operating 
clock SPCL. The sequencer 350 generates the FFT load timing signal FFTLD at the timing at which the 272 (- 16 + 
256) items of sample data corresponding to the cyclic prefix (CP) and one symbol were stored in the serial-to-parallel 
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conversion buffer 1 00. As a result, one symbol's worth of sample data minus the 1 6-sample cyclic prefix is loaded in the 
FFT circuit 1 1 0 from the serial-to-parallel buffer 1 00. The FFT circuit 1 1 0 performs an FFT operation at a predetermined 
timing and outputs the results of the operation. 

[01 1 4] Meanwhile, the serial-to-parallel conversion buffer 1 00 continues to successively store the sample data out- 
put from the TEQ 90 even after the FFT load timing signal FFTLD is generated and the sequencer 350 generates the 
FFT load timing signal FFTLD at the timing at which the 272 (= 16 + 256) items of new sample data were stored in the 
serial-to-parallel conversion buffer 1 00. As a result, the serial-to-parallel buffer 1 00 loads one symbol's worth of sample 
data minus the 1 6-sample cyclic prefix in the FFT circuit 1 1 0. The FFT circuit 1 1 0 performs an FFT operation at a pre- 
determined timing and outputs the results of the operation. 

[0115] The same processing is thenceforth repeated. After the final symbol is input to the FFT circuit 110, the 
sequencer 350 places the S/P load timing signal SPLD at the low level. 

(d) Control of transmission of pilot-tone signal PLT 

[01 16] A pilot generator 330a (Fig. 1 0) in the training-signal generating circuit 330 generates the pilot-tone signal in 
the transmit interval of the TDD-xDSL transmission. The sequencer 31 0 generates the select signal DTSL so as to input 
the pilot-tone signal to the #64 terminal of the IFFT circuit 30. The IFFT circuit 30 applies I FFT processing to the pilot- 
tone signal and then transmits the processed signal to the receiving side via the parallel-to-serial conversion buffer 40 
and D/A converter 50. 

[0117] On the basis of the signal output from the #64 carrier terminal of the FFT circuit 1 10, the pilot-phase detect- 
ing circuit 360 detects the phase of the pilot-tone signal PLT and controls the A/D conversion timing of the A/D converter 
80. As a result, the A/D conversion and other processing can be executed on the receiving side in sync with the pilot- 
tone signal. 

(e) Sending/receiving of phase of ISDN 400-Hz signal 

[0118] At the time of training, the training-signal generating circuit 330 transmits a tone signal separately of the 
pilot-tone signal PLT by carrier #48 to thereby report the phase of the ISDN 400-Hz signal (the transmit phase of the 
TDD-xDSL on the office side) from the office side to the subscriber side (see Figs. 7 and 8). 

[0119] In a case where the transmit symbol sequence of one burst contains four training symbols, a tone signal indi- 
cating the phase of the ISDN 400-Hz signal is transmitted by causing the phase of adjacent training symbols in one 
burst to change at least one time. 

[0120] Fig. 7 (a) illustrates an example in which the phase of adjacent symbols is caused to change one time in one 
burst. Here the pattern of the first and second symbols and the pattern of the third and fourth symbols changes from A 
to B. The symbol patterns can also be changed between the first and second symbols and between the third and fourth 
symbols. The symbol patterns A and B can be selected in such a manner that the phase difference between them 
becomes 90°, as shown in the QAM constellation diagram of Fig. 8 (a), or in such a manner that the phase difference 
between them becomes 180°, as shown in the QAM constellation diagram of Fig. 8 (b). 

[0121] Fig. 7 (b) illustrates an example in which the phase of adjacent symbols is caused to change twice in one 
burst. Here the first and second symbol patterns in the manner B — » A and the third and fourth symbol patterns change 
in the manner A -> B. The phase-change points may be chosen in such a manner that the patterns change between 
any two sets of adjacent symbols. 

[0122] In order to report the phase of the ISDN 400-Hz signal (the transmit phase of the TDD-xDSL on the office 
side) by the pattern change of Fig. 7 (a), the training-signal generating circuit 330 generates data in such a mannerthat 
the symbol data changes in the manner A — » A — » B — » B based upon the rising edge of the ISDN 400-Hz signal TTR 
that enters from the sequencer 310. This data is subjected to IFFT processing by the IFFT circuit 30 and becomes the 
training symbol sequence of Fig. 7 (a), which is then transmitted. On the receiving side, therefore, the time at which the 
A -> B phase change occurs is detected and a time which precedes this phase-change time by the time period T1 is 
recognized as being the phase of the rising edge of the ISDN 400-Hz signal TTR. In actuality, the phase of the rising 
edge of the ISDN 400-Hz signal TTR is decided based upon average values obtained a plurality of times. 
[0123] In order to report the phase of the ISDN 400-Hz signal (the transmit phase on the office side) by the pattern 
change of Fig. 7 (b), the training-signal generating circuit 330 generates data in such a mannerthat the symbol data 
changes in the manner B -> A -> A -» B based upon the rising edge of the ISDN 400-Hz signal TTR that enters from 
the sequencer 310. This data is subjected to IFFT processing by the IFFT circuit 30 and becomes the training symbol 
sequence of Fig. 7 (b), which is then transmitted. On the receiving side, therefore, the times at which the B -» A, A — » 
B phase changes occur are detected, the average Tavr of these times is obtained and a time which precedes this aver- 
age time by the set time period T2 is recognized as being the time of the rising edge of the ISDN 400-Hz signal TTR. 
In actuality, the phase of the rising edge of the ISDN 400-Hz signal TTR is decided based upon average values obtained 
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a plurality of times, in the example of Fig. 7 (b), two phase-change times can be detected by a single training. In com- 
parison with Fig. 7 (a), therefore, the phase of the rising edge of the ISDN 400-Hz signal TTR can be decided by a 
smaller number of operations. 

[0124] With G.lite also, which likewise is an xDSL scheme, a method of conveying a change in phase by a tone sig- 
5 nal other than a pilot tone is used. In the present invention, however, a transmission in the NEXT interval is not carried 
out, unlike the case with G.lite. As a consequence, it is unnecessary to distinguish between the FEXT and NEXT inter- 
vals and therefore the method in which phase is changed can use a 1 80° change in addition to the 90° change or a com- 
bination of these changes. 

10 (C) First embodiment of burst frames at training time and normal communication time 

[0125] G992.2 (G.lite) technology is available as a conventional xDSL scheme. With G.lite, 4.3125 kHz is used as 
the carrier frequency spacing, 256 as the number of samples within one DMT, and #64 as the carrier which transmits 
the pilot tone. According to the first embodiment of the present invention, 4 kHz, which is lower than in the G.lite 

15 scheme, is used as the carrier frequency spacing. As for the other items, 256 is selected as the number of samples in 
one DMT symbol and #64 is selected as the carrier which transmits the pilot tone, just as in the G.lite scheme. 
[0126] In the first embodiment, the FFT sampling frequency of the transmitted signal is 1024 kHz in view of the car- 
rierfrequency spacing and number of samples. Further, the frequency of the pilot tone is 4 kHz x 64 = 256 kHz. In other 
words, the data per cycle of the pilot tone is four sample's worth. Further, in the first embodiment, the symbol length of 

20 one symbol is 256 samples and the cycle is 250 us. In view of the relationship with respect to the burst interval of 1 250 
us in an ISDN ping-pong transmission system, the number of symbols contained in one burst is four at most. If the 
number of symbols is four, this leaves about 250 us extra. This extra period of time can be utilized to add on the redun- 
dancy signals or set the margins. That is, even if the redundancy signals 503, 504 are added onto the beginning and 
end of the training symbol sequence, four symbols can be sent without reducing the number of symbols per burst. 
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(a) Signal transmit interval at normal communication time 



[0127] The transmit interval of a transmit frame at the time of normal communication according to the first embod- 
iment will be described with reference to Fig. 1 . The symbol 701 with the cyclic prefix (CP) 702 is used at normal com- 
munication time in TDD-xDSL transmission. The length of the cyclic prefix can be any length as long as the transmit 
symbol sequence fits within the transmit interval. In this embodiment, however, the length of the cyclic prefix is made 
16 samples (15.635 p.s), which is the same as that in the G992.2 (G.lite) scheme that is one xDSL scheme, and four 
symbols with a cyclic prefix are connected to construct the transmit symbol sequence 700. The symbol length of the 
transmit symbol sequence 700, therefore, is 1 088 samples (1 .0625 ms). 
35 [0128] Fig. 1 8 illustrates the timing relationship between the transmit symbol sequence 700 for normal communica- 
tion and a signal in ISDN ping-pong transmission. 

[0129] The transmit interval of a downstream signal will be considered first. In order to arrange it so that the TDD- 
xDSL transmit interval will not overlap the receive interval of an ISDN ping-pong transmission with certainty, the down- 
stream-signal transmit interval of the TDD-xDSL is placed approximately at the center of the transmit interval of the 
40 ISDN ping-pong transmission. It is required that the relation 

S2 + oc2 + P2 < D + a 

be satisfied as described in accordance with Fig. 3, where the transmit interval D of an ISDN ping-pong transmission is 
45 equal to 1 . 1 781 25 ms (1 206.4 samples) and the length S2 of the TDD-xDSL transmit signal is equal to 1 .0625 ms (1 088 
samples). If the a' which will satisfy a' < a is 9.375 (9.6 samples) allowing for margins, then it will suffice to find the cc2, 
(52 that satisfy 



S2 + a2 + P2 < D + a' D + a 



Since TDD-xDSL downstream transmit interval is brought to the center of the ISDN ping-pong downstream transmit 
interval, we find that a2 = 32 = 62. 5 us (64 samples). 

[0130] Similarly, consider the upstream signal interval. Guard time b between downstream signal reception and 
upstream signal transmission in ISDN ping-pong transmission is a value having a range of 18.75 us (19.2 samples) to 
55 23.4378 |is (24 samples). 

[0131] Since the guard time is a value decided independently of the TDD-xDSL scheme, the transmit interval of the 
TDD-xDSL upstream transmit symbol sequence cannot be brought exactly to the center of the upstream transmit inter- 
val of the ISDN ping-pong transmission. Accordingly, to bring the transmit interval of the TDD-xDSL upstream transmit 
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symbol sequence approximately to the center of the upstream transmit interval of the ISDN ping-pong transmission, the 
guard time of the ISDN ping-pong transmission is regarded as being 1 8.75 us (19.2 samples), in which case a TDD- 
xDSL guard time c is selected in such a manner that end time tgel of the TDD-xDSL guard time and end time teg2 of 
the ISDN guard time will approximately coincide. 
5 [0132] In the first embodiment, (upstream transmit interval of ISDN ping-pong transmission + guard time b) is 
1 1 96.875 \is and (TDD-xDSL upstream-signal transmit interval S2 + beginning and end margins oc2 + 32) is 1 1 87.5 |is 
(1 21 6 samples). Accordingly, guard time c of the TDD-xDSL transmission is selected to be 9.765625 ~ 1 4.64844 (10- 
1 5 samples) and transmit timing is decided in a manner similar to that of the downstream signal. 

io (b) Signal transmit interval at training time 

[0133] The signal transmit interval at the time of training according to the first embodiment will be described with 
reference to Figs. 1 7 and 19. Fig. 17 illustrates the transmit symbol sequence 500 for TDD-xDSL training. It is desired 
that the redundancy signal 503 added onto the beginning of four successive training symbols 501 be a sufficiently long 

75 interval relative to the cyclic prefix 702 at the time of normal communication. It will be assumed here that a redundancy 
signal 503 of 125 us (128 samples), which is a sufficiently long interval relative to a cyclic prefix having a length of 16 
samples (1 5.625 us), is used as an example. Further, a redundancy signal of eight samples (7.81 25 \is) is added on as 
an example of the redundancy signal 504 added on at the end of the four training symbols. Thus is constructed the 
transmit symbol sequence 500 for training. As a result, we have x1 = 125 u.s(128 samples), y1 =7.8125 us (eight sam- 

20 pies). Further, we have S1 = 1 ms (1024 samples = 256 x 4). From this we obtain 

S1 + x1 +y1 = 1.132813 ms (1160 samples). 

Next, if we find (S1 + oc1 +31 +x1 + y1 ) which falls within D + a* in a manner similar to that at normal communication 
25 time, as shown in Fig. 19, we have 

1.132813 ms (1160 samples) + a1 + 31 < 1.1875 ms (1216 samples) 
Accordingly, ct1 = 0 u,s (zero samples), pi = 54.6875 us (56 samples) is selected. 

30 

(c) Consideration of worst conditions 

[0134] Transmission delay in an ISDN ping-pong system and transmission delay in a TDD-xDSL system are 
decided separately and independently. As a consequence, in a case where an ISDN line is nearby (no delay) and a 

35 TDD-xDSL is most remote (maximum delay), there will be instances where, at training time, transmission of an 
upstream signal from the subscriber side of the ISDN starts before the end of reception of a downstream signal of the 
TDD-xDSL on the subscriber side, resulting in a discrepancy between the transmit and receive timings. Accordingly, 
consider the worst conditions of a TDD-xDSL transmission transmit/receive interval with respect to an ISDN trans- 
mit/receive interval. In the first embodiment, the length of the TDD-xDSL transmission symbol sequence is greater at 

40 training time (i.e., 1160 samples) than at normal communication time (i.e., 1088 samples). Accordingly, consideration 
will be given to training time. 

(c-1) First worst condition 

45 [0135] A worst condition which will be discussed first is a case where the delay time of a TDD-xDSL transmission 
is minimum and the delay time of an ISDN ping-pong transmission is maximum. As shown in Fig. 20, the start of trans- 
mission of an upstream signal in TDD-xDSL transmission must not occur before ISDN transmission of a downstream 
signal ends. In the first embodiment, the latest timing of the end of reception of an ISDN downstream signal is that 
obtained by adding a transmission delay of 50 us (51 .2 samples) to the length of 1 .1 781 25 ms (1 206.4 samples) of the 

so ISDN downstream transmit signal. 

[0136] On the other hand, the earliest timing of the start of transmission of a TDD-xDSL transmit signal is the total 
obtained by adding beginning and end margin intervals a1 = 0 us (zero samples), 31 = 54.6875 \is (56 samples), which 
precede and follow signal transmission, to the TDD-xDSL downstream signal interval of 1.132813 ms (1 160 samples) 
and then adding on the upstream -downstream guard time and beginning margin interval a1 (= 0), which precedes sig- 

55 nal transmission. A guard time of 44.92188 to 49.80469 us (46 to 51 samples) between upstream and downstream 
TDD-xDSL transmissions is decided in such a manner that the following will hold: 

end of ISDN downstream signal interval < beginning of TDD-xDSL upstream signal 



18 



BNSDOCID: <EP 1098463A1 J_> 



EP 1 098 463 A1 



As a result, we have 

1.228125 ms (1257.6 samples) [end of ISDN downstream signal interval] < 1.232422 ms (1262 samples) [begin- 
ning of TDD-xDSL upstream signal] 

5 

Thus the TDD-xDSL upstream signal will not be transmitted earlier than the end of reception of the ISDN downstream 
signal. In other words, even under the worst condition set forth above, the transmit interval of the TDD-xDSL transmis- 
sion falls within the transmit interval of the ISDN unit on the side near the transmitting ADSL unit. 

w (c-2) Second worst condition 

[0137] A worst condition which w : ll be described next is the converse of the above, i.e., a case where the delay time 
of a TDD-xDSL transmission is maximum and the delay time of an ISDN ping-pong transmission is minimum. In this 
case, as shown in Fig. 21, the end of the receive interval of the TDD-xDSL downstream signal must end before the 
15 beginning of transmission of the ISDN upstream signal. In the first embodiment, the latest timing of the end of reception 
of the TDD-xDSL downstream signal is obtained by adding the length of 1 1 32.81 3 us (1 1 60 samples) of the TDD-xDSL 
downstream transmit signal, a transmission delay time of 57.8125 u.s (59.2 samples), a margin of 4.882813 \is (five 
samples) for a shift in receive timing and the margin interval <x1 (= 0) us (zero samples) that precedes signal transmis- 
sion. 

20 [0138] On the other hand, the earliest transmit timing of the upstream signal in ISDN ping-pong transmission is the 
result (= 1.196875 ms) of adding the minimum upstream-downstream guard time of 18.75 us (19.2 samples) to the 
ISDN downstream interval of 1.178125 ms. Comparing this with the foregoing, we have 

1.195508 ms (1224.2 samples) [end of TDD-xDSL downstream signal interval] < 1.196875 ms (1225.6 samples) 
25 [beginning of ISDN upstream signal] 

Thus the TDD-xDSL downstream signal is received earlier than the start of transmission of the ISDN upstream signal. 
As a result, even under the second worst condition set forth above, the transmit interval of the ISDN upstream signal 
will not overlap the receive interval of the TDD-xDSL downstream signal. 

30 

(c-3) Third worst condition 

[0139] Reference will be had to Fig. 22 to describe that in a case where the delay time of TDD-xDSL transmission 
is maximum, the receive interval of a TDD-xDSL upstream signal will not overlap the transmit interval of a downstream 

35 signal in ISDN ping-pong transmission. 

[0140] The end of the TDD-xDSL upstream receive signal is 2.492578 ms, which is obtained by adding (1 ) a trans- 
mit interval of 1 .1 3281 3 ms (1 1 60 samples) of the TDD-xDSL downstream signal, (2) a beginning margin interval of ccl 
= 0 |is (= zero samples) and (3) an end margin interval of p1 = 54.6875 |xs (56 samples), which precede and follow the 
signal transmission, (4) a transmission delay of 57.8125 us (59.2 samples) x 2 (because of the two directions, namely 

40 upstream and downstream), (5) summation of an upstream-downstream maximum guard time of 49.80469 u.s (51 sam- 
ples) and a margin of 4.882813 jis (5 samples) for the shift of receive timing, (6) the transmit interval of 1 .13281 3 ms 
(1 160 samples) of the TDD-xDSL upstream signal, (7) a margin interval of crt = 0 \xs (zero samples) that precedes the 
transmission of the signal and (8) a margin of 0.976567 (one sample) x 2, which is for a delay in rise time when the DMT 
symbol starts to be sent or a remaining signal when transmission of the DMT symbol is stopped, On the other hand, the 

45 burst cycle of the ISDN ping-pong transmission is 2.5 ms. Comparing this with the foregoing, we have 

2.492578 ms (2552.4 samples) [end of TDD-xDSL upstream signal interval] < 2.5 ms (2560 samples) [ISDN burst 
cycle] 

so Thus the reception of the TDD-xDSL upstream ends earlier than the start of transmission of the next ISDN downstream 
signal. In other words, even if the delay time of the TDD-xDSL transmission is maximum, the receive interval of the 
TDD-xDSL upstream signal will not span the ISDN transmit interval of the next burst. 

[0141] The foregoing is a review of worst conditions. However, in a case where an ISDN line and a TDD-xDSL 
metallic line are adjacent to each other, these are connected to the same office and therefore the worst conditions are 
55 not possible in actuality. 

[0142] For example, in a case where an ISDN line has no transmission delay time and the transmission delay time 
of a TDD-xDSL is maximum, the ISDN unit DSU on the subscriber side is disposed alongside the central office CN and 
the TDD-xDSL unit xTU-R on the subscriber side is disposed at a location remote from the central office, as shown in 
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(a) of Fig 23 In a case where an upstream signal from the ISDN unit DSU leaks into the TDD-xDSL under these cir- 
cumstances, the fact that noise is transmitted from the location at which the ISDN unit DSU is disposed to the location 
at which the TDD-xDSL unit xTU-R is disposed results in a transmission delay. If the transmission of the downstream 
TDD-xDSL signal from the office side has ended, therefore, the upstream signal of the ISDN line will be unaffected. 
r01431 Conversely, in a case where the transmission delay time of the ISDN line is maximum and the TDD-xDSL 
has no transmission delay, the ISDN unit DSU on the subscriber side is disposed at a location remote from the central 
office CN and the TDD-xDSL unit xTU-R on the subscriber side is disposed at a location alongside the central office, 
as shown in (b) of Fig. 23. In this case also the fact that the upstream signal of the TDD-xDSL transmission leaks into 
the ISDN unit DSU on the subscriber side as noise results in transmission delay. If the transmission of the ISDN down- 
stream signal from the office side has ended, therefore, the ISDN line will be unaffected. 

(d) Phase difference between transmit symbol sequences at training time and normal communication time 

r01441 The phase difference between the transmit symbol sequence for training and the transmit symbol sequence 
for normal communication time will be described with reference to Fig. 24. The difference between the stertmg pos.t.on 
of the leading symbol 501 at training time and the starting position of the leading symbol 701 from which the cycle prefix 
(CP) has been removed at normal communication time is 6d1 = 46.875 us (48 samples) in case of a downstream signal 
and 9d2 = 82 0312 us (48 samples) in case of an upstream signal, as will be obvious from Fig. 24. 
r0145l Since 3 90625 us (four samples) is one pilot tone cycle, the phase differences 6d1 , 0d2 are 1 2 and 21 times 
the pilot tone, respectively, and therefore the requirement that the phase differences be a whole-number multiple of the 
pilot-tone cycle is satisfied. 

(2) Second embodiment 

r0146l As in the case of the G.lite scheme, the second embodiment relates to a case where 4.31 25 kHz is selected 
as the carrier frequency spacing, 256 as the number of samples and #64 as the carrier which transmits the pilot tone. 
[0147] According to the second embodiment, the sampling frequency is 1 1 04 kHz and the pilot-tone frequency is 
276 kHz Accordingly, 3.6231 88 us (four samples) constitutes one pilot tone cycle in a manner similar to that of the first 
embodiment Further, in the second embodiment, the length of the cyclic prefix is, e.g., 28.98551 us (32 samples), 
which is longerthan in the case of the G.lite scheme, the length of the redundancy signal 503 added onto the beg.nning 
at traininq time is 1 1 5 94203 us (1 28 samples), which is a redundancy length sufficiently longer than the cyclic prefix of 
the G lite scheme, and the length of the redundancy signal added on at the end is 18.11594 us (20 samples), n view 
of the foregoing, the structures of the transmit symbol sequences 500. 700 at normal communication t.me and training 
time respectively, are as shown in Fig. 25. • 
35 r0148l The signal transmit interval at normal communication time in the second embodiment will be descr.bed with 
reference to Fig 26. If it is so arranged that the TDD-xDSL signal transmit interval is brought to approximately the center 
of the transmit interval of the ISDN ping-pong transmission in a manner similar to that of the first embodiment, then, if 
the following hold: 



25 



30 



40 



D + a' = 1.1875 ms (131 1 samples) 
S2 = 1 .043478 ms (1 1 52 samples) 



we have a1 + p2 = 144.0217 us (159 samples) and therefore o2 = 70.65217 u,s (78 samples) and P2 = 73.36957 us 

45 (81 samples) are selected. . 

[0149] Similarly, the signal transmit interval at training time in the second embod.ment is illustrated in Fig. 27. 

[0150] Since the following hold: 



50 



55 



D + a' = 1.1875 ms (1311 samples) 
S1 +x1 +y1 = 1.061594 ms (1172 samples) 



we have a1 + B1 = 125.9058 us (139 samples). Accordingly, if it is so arranged that the TDD-xDSL signal transmrt 
interval is brought to approximately the center of the transmit interval of the ISDN ping-pong transmission in a manner 
similar to that of the first embodiment, ol = 63.4057 us (70 samples) and f1 = 62.5 us (69 samples) are selected. 
r0151l If the above-described first, second and third worst conditions are taken into consideration in the second 
embodiment, (1 ), (2) and (3) set forth below will hold, where the guard time between upstream and downstream signals 
is 27.17391 to 31 .7029 u.s (30 to 34 samples): 
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(1) 1.228125 ms (1355.85 samples) [latest end of ISDN downstream signal interval] < 1.27808 ms (141 1 samples) 
[earliest beginning of TDD-xDSL upstream signal interval]; 

(2) 1 .92029 ms (1 31 6 samples) [latest end of TDD-xDSL downstream signal interval] < 1 .96875 ms (1 321 .35 sam- 
ples) [earliest beginning of ISDN upstream signal interval]; and 

5 (3) 2.475543 ms (2733 samples) [end of TDD-xDSL upstream signal interval] < 2.5 ms (2760 samples) [ISDN burst 

cycle]. 

[0152] In accordance with (1), the upstream signal of the TDD-xDSL transmission will not be transmitted earlier 
than the end of reception of the ISDN downstream signal even under the first worst condition. 
10 [0153] In accordance with (2), the TDD-xDSL downstream signal is received earlier than the start of transmission 
of the ISDN upstream signal under the second worst condition. 

[0154] In accordance with the (3), reception of the TDD-xDSL upstream signal ends earlier than start of transmis- 
sion of the ISDN downstream signal of the next burst. 

[0155] With reference to Fig. 25, the phase difference between the transmit symbol sequence 700 for normal com- 
15 munication and the transmit symbol sequence 500 at the time of training is 79.71014 jas (88 samples), which is equal 
to the pilot-tone cycle x 22. Thus the phase difference is a whole-number multiple of the pilot tone (i.e., 22 times the pilot 
tone). 

[0156] Thus, in a digital subscriber line transmission system based upon TDD-xDSL in accordance with the present 
invention, training for establishing communication can be speeded up, communication reliability can be enhanced and 

20 the structure of the communications equipment can be simplified over that of the prior art. 

[0157] More specifically, in accordance with the present invention, it is so arranged that in a TDD-xDSL transmis- 
sion, a DMT symbol sequence is transmitted upon adding some data that is contained within the DMT symbol sequence 
onto the beginning or end or onto both the beginning and end of the sequence as redundancy data at the time of train- 
ing, which is carried out before normal communication, and the redundancy data is removed on the receiving side. As 

25 a result, distortion develops in the redundancy data but not in the training symbols. This makes it possible to carry out 
training using all training symbols and to shorten training time. 

[0158] Further, in accordance with the present invention, the length of the transmit training symbol sequence after 
the redundancy data is added on is made such that the training symbol sequence will fall within the transmit interval of 
an ISDN ping-pong transmission. In other words, it is so arranged that the training symbol sequence will not fall within 

30 the receive interval (NEXT interval) of an ISDN ping-pong transmission. As a result, communication with an excellent 
S/N ratio can be performed by eliminating the effects of NEXT from ISDN ping-pong transmission. 
[0159] Further, in accordance with the present invention, it is so arranged that in a TDD-xDSL transmission, the fre- 
quency of a pilot tone serving as a timing regeneration signal is set so as to assure continuity of sample data in contig- 
uous transmit burst symbol sequences, or such that the length of an interval in which there is no transmission of 

35 contiguous transmit burst symbol sequences is made a whole-number multiple of the pilot-tone cycle. As a result, the 
phase of a pilot tone will not shift between contiguous transmit burst symbol sequences and processing can be exe- 
cuted at an accurate timing on the receiving side. 

[0160] Further, in accordance with the present invention, it is so arranged that in a TDD-xDSL transmission, the 
phase difference between the phase of a training symbol onto which a cyclic prefix used in transceiver training has not 
40 been added and the phase of a DMT symbol obtained by removing the cyclic prefix at the time of normal data commu- 
nication is made a whole-number multiple of the pilot-tone cycle used as a timing regeneration signal. As a result, when 
there is a sequence transition from training to normal data communication, the timing regeneration signal (pilot tone) 
does not develop a phase shift. This makes accurate processing possible. 

[0161] Further, in TDD-xDSL transmission according to the present invention, when the subscriber side is notified 
45 of transmit timing (the phase of an ISDN 400-Hz signal) of a TDD-xDSL burst signal on the office side, a tone signal the 
phase whereof varies one or more times within one transmission burst is transmitted separately of the pilot-tone signal, 
and this change in the phase of the tone signal is detected on the subscriber side to identify the transmit timing of the 
TDD-xDSL burst signal. As a result, a correct TDD-xDSL transmission can be performed by detecting the transmit tim- 
ing (the phase of an ISDN 400-Hz signal) at the time of training of a TDD-xDSL transmission. In this case the phase of 
so the tone signal can be changed 90 or 180°. This makes it possible to recognize transmit timing even if transmit timing 
(the phase of the ISDN 400-Hz signal) is unknown initially. 

Claims 

55 1. A digital subscriber line transmission method for alternately transmitting and receiving a DMT symbol sequence 
between xDSL devices by TDD-xDSL transmission, characterized in that at the time of training for setting up com- 
munication, a training-symbol transmitting side adds some data contained in a training symbol sequence of identi- 
cal patterns onto the beginning or end or onto both the beginning and end of the symbol sequence and transmits 
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the sequence as a continuous training symbol sequence. 

The digital subscriber line transmission method according to claim 1 , characterized in »-t^d^^h« taan 
added onto the beginning and/or end of said symbol sequence is removed on a rece.v.ng s,de of the training sym 

bol sequence. 

The digital subscriber line transmission method according to claim 1 or 2, characterized in * rt * he ^9 JJ* 0 ' 
' seque nce is transmitted after the data has been added on upon setting the length thereof ,n such a manner that the 
symbol sequence will not fall within a receive interval of an ISDN ping-pong transm.ss.on. 

The digital subscriber line transmission method according to claim 3, characterized in that a transmit signal 
' Souence at time of normal communication is transmitted upon setting the length thereof .n such a manner that the 
symbol sequence will not fall within the receive interval of the ISDN ping-pong transm.ss.on; and 

the length of a cyclic pref.x added onto the beginning of each symbol which constructs said transmit symbol 
sequence is made shorter than that of the aata portion that has been added onto the beginning of the tram.ng 

symbol sequence. 

i A diaital subscriber line transmission method for alternately transmitting and receiving a DMT symbol sequence 
Ceteen xDs" dev ces by TDD-xDSL transmission, characterized in that frequency of a pilot-tone s.gnal used as 
to ^generation signa. is set so as to assure continuity of sample data in contiguous *^ J™**^ 
seances or length of an interval in which a signal is not being transmitted between confguous transmrt burst 
symbol sequences is made a whole-number multiple of the cycle of a pilot-tone signal. 

5 A diaital subscriber line transmission method for alternately transmitting and receiving a DMT symbol sequence 
Ceteen xDsTTev ce S by TDD-xDSL transmission, characterized in that phase difference between a training sym- 
^'0 wSch a'ene prefix has not been added and a symbol obtained by removing the cyclic : prefx f rom . .sym- 
bol onto which the f cyclic prefix has been added at time of normal data commun,cat,on ,s made a whole-number 
multiple of the cycle of pilot-tone signal used as a timing regeneration signal. 

7. A digital subscriber line transmission method for alternately transmitting and receiving a DMT symbol sequence 
between xDSL devices by TDD-xDSL transmission, characterized by: 

sending a tone-signal for notifying a subscriber side of transmit timing of a TDD-xDSL burst signal on the office 

noWhe subscriber side of the transmit timing of the TDD-xDSL burst signal by varying the phase of said 
tone-signal one or more times within one transmission burst. 

8 A diaital subscriber line transmission method according to claim 7, characterized in that the subscriber side detects 
^S^^S^L of said tone-signal to thereby identify the transmit timing of the TDD-xDSL burst signal on the 

office side. 

9 A digital subscriber line transmission method according to claim 7, characterized in that the phase ^ ^ 
naMs varied by varying the phase of adjacent symbols, which construct a training symbol sequence, by 90 or 180 . 

10. A digital subscriber line transmission apparatus for alternately transmitting and receiving a DMT symbol sequence 
between xDSL devices by TDD-xDSL transmission, characterized by hav.ng a transmrttmg unrt for add.ng some 
S conced in a training symbol sequence onto the beginning or end or onto both the ° f thS 
symbol sequence and transmitting the sequence at training time earned out pnor to normal communication. 

11. The apparatus according to claim 10, characterized by having a receiving unit for carrying out training upon remov- 
ing data that has been added onto a received training symbol. 

12 The apparatus according to claim 10, characterized in that said transmitting unit has a transmission controller for 
se^ingTeTength of a transmrt training symbol sequence after data has been added thereon ,n such a manne that 
the symbol sequence will not fall within a receive interval of an ISDN ping-pong transmission and for transm.tt.ng 
the transmit training symbol sequence. 
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13. The apparatus according to claim 12, characterized in that said transmission controller makes the length of an 
interval in which a signal is not transmitted between contiguous transmit burst symbol sequences a whole-number 
multiple of the cycle of a pilot-tone signal. 

5 14. The apparatus according to claim 12, characterized in that said transmission controller makes a phase difference 
between a training symbol onto which a cyclic prefix has not been added and a symbol obtained by removing the 
cyclic prefix from a symbol onto which the cyclic prefix has been added at time of normal data communication a 
whole-number multiple of the cycle of pilot-tone signal used as a timing regeneration signal. 

w 15. The apparatus according to claim 10, characterized by having transmit timing notification means for notifying a sub- 
" scriber side of transmit timing of the TDD-xDSL burst signal by varying the phase of a tone-signal one or more 
* times within one transmission burst. 

1 6. The apparatus according to claim 15, characterized in that the transmit timing notification means varies the phase 
15 of the tone by varying the phase of adjacent symbols, which construct a training symbol sequence, by 90 or 180°. 



25 



30 



35 



45 



50 



55 



23 



BNSDCCID: <EP 1098463A1_I_> 



EP 1 098 463 A1 



o 



4 



.b CO 



o 

LO 



v ^ 



-too 



to 



CO 
-O 
LO 



BNSDOCID: <EP 1098463A1_I_> 



24 



EP 1 098 463 A1 



CO 



CD 
CO 

O 

CO 
CO 

CO 

<c 
a: 
J— 

o 

z 
o 

CO 



r 



O' 
LO 



LO 



i. 



,bco 



LO 



b0~O 

■It 

±3 CO 



CO 



o 

CO 



o 

LO 



CO 

o 

LO 



C\J 

o 

LO 



•i E 

£=co 



EE 

CO o 



J. 

r 



=D O 



25 



BNSDOCID: <EP_ 



EP 1 098 463 A1 



CO 

a 

CD 



05 

CD- 
'S: 



CD 
CO 

O 
CO 
CO 

CO 

<c 
) — 

CD 

o 

Q_ 

I 

CD 



O 
CO 



o 

CD 



>< 

O- 

O 

~o 
o 

o 



CO 



::;0:: 



II 

CO 



::: Q- : 
::: O: 



CM 

CO 



: ou : 

: O ; 



CO 



Q- : 
o 



S 4 



CO 

O 



o o 

co o 



ZD o 
co 2 



26 



BNSOOCID: <EP. 



.1098463A1_I_> 



EP 1 098 463 A1 



o 
o 
m 



\3 



it 



It 



O 



CO 

o 

LT) 




BNSDOCID: <EP 1098463A1 J_> 



27 




BNSDOCID: <EP 1098463A1J_> 



EP 1 098 463 A1 




29 

BNSDOCID: <EP 1098463A1_I_> 



EP 1 098 463 A1 



J 



J 



S3 



UJ 

O 

o 

CO , 
UJ * — 

o t 

LU S 

CO CO 

g= «<: 

lu *— 
or uj 

UJ z 

si 

o ^ 



CO 



CD 



CD 



O 

a. 



{—CO co I — I — CDh— h— 



O 



CO , 

ig 

UJ s 
CO CO 

? < 

a- or 

LU 

a: lu 
5 o 



lu =r 



CO 



CD 




poo 
t£2co 



8NSDOCID: <EP 1098463A1 J_> 



30 



EP 1 098 463 A1 




31 

BNSDOCID: <EP 1098463A1_I_> 



EP 1 098 463 A1 



o 



o 



LU 

Uif~A 



S3 



L - 



CO 
LU 
> 
LU 
O 



o 

CO 



a. o m 



AAA" 




OCL 



»~ *■» a>^CM o 

CO 

a. 



q>3cM o 



o 

CO 



or 



o 

LU 



CO 



CD 
CM 

CO 



CO 



CN> gjjb 

4^ $ 

* SELECTOR \ 



o 

CM 



AAA 



.-8 

58 



o 



AAA 



:>--<: 



O w 

— 

co 1 - 1 - 



oo »— 




<Z 



AAA 



>--<: 



< 



<:co 
<75 O 



~ AA 



oo 
o 



s 



AA A A 



o 

CO 
CO 



CnJ g_LL^fc 



LU 

CO CD 



_£ 75 StoC to 



CO 

a. 



i 




O 

LT3 
CO 



8* 



32 



BNSDOCID: <EP _1098463A1_L> 



EP 1 098 463 A1 



CO 
Q_ 



CO 



CO 
GO 
Q_ 



trco 



CO 



O 



cr 

CO 



or 



a: 



o 

LLi 

I 

LU 

CO 

o 
-J 

CO 
Q- 



cog 







to 


CO 







O 



o 



CO 

o 



o 



Selector 



0Q 



o 
o 



CD 

CD 
CO 



~co 



CO 



cx> 

CM 



-2 75 c5 o 



o 

CM 



as 



CO 



3 CD 

J to 

CNl 



7F ^ 



co 
i — 
o 



CO 



o 
cm 

CO 



o — 



LO 
LO 

Csl 
H 



ro Vy- 

21 



Selector 
* — 



o 



o 

CO 
CO 

_L 



<Z5 

coa:o 

1 UJ 

az 
ztu 

< o 



co 
O 
-CO 
CO 



BNSDOCID: <EP 1098463A1_I_> 



33 



EP 1 098 463 A1 



C3 



LO 



CO- 
LO 



o 
o 

LO 



LD 



CO- 
tO 



CO 
LO 



T 



CO 
UJ 



CO 



II 

£ >> 

_ CO 



if 

2 >> 
_ v> 



II 

t CO 



-a 



CO 
LU 



CO 






l. LU 

<2o 

CO-LU 
|— coco 



o 
o 



>— t— = COLUO CO 
LUZSsl \0 1 \^ 

feOh- Q.OO Q_l — 



CO 



tr<c 

^CO 

^ co<2 



CO 
CO 



ID CD 
Q-CO 



cl2 



LU 
CO_J 
\LU 
Q-CO 



34 



BjNSDOCID: <EP 1098463A1J_> 



EP 1 098 463 A1 



o 
o 



gi 

GO 



::0 :: 



S £ 
O ^ 
CO 



::d-::: 
::0::: 



^ £ 
CO 



r ::Q-::: 
E::0::: 



CO 




§8l 

£2<fco 



coog 

<5o 
)— coco 



o 1 _ 



. _ < Q 

croco — >^co 



X 

*© 

O 

o 

o 



cotuoo. co 



co 



COS 
v^CO 



o 

CO 



.coco 

CO 

LU 



LU 

CO 



35 



BNSDOCID: <EP 1098463A1_I_> 



EP 1 098 463 A1 



CO CO 

a. a_ 
A A 



CO 



CO 
Q 



or 



> O LU 

o 



O 
CO 

o 



o 

CO 



CD 
CO 



= o 



CO 



coco 



CD 

coo-jz: 

I — LU 

o 



o 
o 

I — 

<c 
o 



o 
o 



gcoZ 

Q LU 

co e> 



CO 



cc 



CD 



en 



o 
o 

> 

o 

CD 



cr 

LU 

a_ 
o 
co 



coco ^ 



T 

Qu 
ZD 
I 



CO 



sis 



CD 



^_ o 

CO^O<C 
Q_Q^ — ILU 

"Jos: 

O 



CD 



T 



co 

CO 



CO 



aNSDOCID: <EP 1098463A1_I_> 



36 



EP 1 098 463 A1 



CD 

O « 



Q- 



£2 

co Q 



CO- 
LO 
CO 



— i o 

o I H- 

a: < < 
i — 2£ 

^ o lu 



* — /F 



C3 



or 

LU 
O 



o 

LU 
CO 



T' 

o 

LO 
CO 



CO 

DC 



o 

CO 



CO 

o 



o 

Q- 
CO 



CD 



OH 

^_ o 



O 

-LO 

CO 



O 
CO 



zoo 

CTUJ^ 

o 



J" 

I 

I 

I 

I 

I 

I 
■ 

I 





o 




CO 


o 


a: 




TE 




or 


FRO 


3AN' 




o 




O 



O 
CO 
CO 

1 o 
1 o 
a: 

: t 

CD 

CO 

I O 



COOh- 

^%LU 

rr^LU 
<LUD 

i^LU<C 



O 

J^LU 



o 

CO 

o 



Q 
CO 



Lfi 



o <c 

LU O 



37 



BNSDOCID: <EP_ 



.109S463A1_I_> 



EP 1 098 463 A1 




BNSDOCID: <EP 1098463A1J_> 



EP 1 098 463 A1 



51 

o >* 

CO 



O- :: 

:::0::: 



CO 



:0 



CO 



:::0 : ; ; 



o 

JO 

E 
>% 

CO 



o 

So 

O 
UJ 

a: 



i i 



.2 ,_J 

CO I . 



<Q. 
LU 

0 0 

CO 



CO 



6| 



39 



BNSDOCID: <EP 109B463A1 J_> 



EP 1 098 463 A1 




CD 

EC: 




CO to 



40 



BNSDOCID: <EP 1098463 A 1 J„> 



EP 1 098 463 A1 



EC 



CO 

co 



o 

UJ 

<£ 
UJ 
£T 

CO 



CO 

=5 

7- 

( CM 
LO 



V 



CO 
LO 

r- 

CO 
C7> 



o 



-co 

JO- 



CO 

LO 

CM 

CO 



yl/ CM 



CO 

=*. 

LO 
CM 

CO 



ti 
O 



CO 



CO 
LU 

> 

LU 
O 
LU 

cc 
-< 

LU 

a: 
»— 

CO 



O 
o 



i. 



o 

LO 

VI 

>- 



o 

CO 
CO 



(0 

CO Q. 



LO C 

CO CO 
O CO 
^ QO 

ii o 

CO ^— ' 



CO 
<D 

=1 E 

LO <D 

CO co 



LU 

=>o 
Oco 
02 
< 



LU 



:z>o 

CO CO 

a: 




41 



BNSDOCID: <EP 1098463A1_I_> 



EP 1 098 463 A1 



CD 

EC 



or 




LU 



42 



BNSDOCID: <EP 1098463A1J_> 



EP 1 098 463 A1 




43 



BNSDOCID: <EP_ 1098463A1_L> 



EP 1 098 463 A1 



CD 



0£ 




44 



BNSDOCID: <EP_ 1098463A1_L> 



EP 1 098 463 A1 



S3* 



i 

CO 



o 



UJ 



e 

m 
cvi 



:0 : 
f.co ; 



;CO ; 

: 
: 

:a: : 



xu 

-or 



o 

::co 



o 

CO 
UJ 

> 

UJ 

o 



o 
o 

Q 
CO 



DO 

oco 



uj 

> 

LU 

coco 
<c 




45 



BNSDOCID: <EP. 



,109B463A1J_> 



EP 1 098 463 A1 



FIG. 23 



(a) 



IN CASE WHERE ISDN LINE DELAY IS SMALL 
AND TDD-xDSL LINE DELAY IS LARGE 



Central Office 




XTU-R 



(b) IN CASE WHERE ISDN LINE DELAY IS LARGE 
AND TDD-xDSL LINE DELAY IS SMALL 



Central Office 
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